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C ellu lo se , in  the form o f p u r if ie d  Texas cotton , was acety la ted  
using a m ixture o f aoetic ac id , acetic  anhydride, carbon te tra c h lo r id e  
(non-solvent) and p erc h lo ric  ac id  as a c a ta ly s t over a period  of s ix  hours* 
The rates  of a c e ty la tio n  and degradation of c e llu lo se  using d if fe re n t  
c a ta ly s t concentrations were studied,. By a c e ty la tin g  ce llu lo se*u s in g  
various a c e ty la tio n  m ixtures in c lud ing  zinc ch lo ride  as c a ta ly s t and ether 
as a non-solvent, the a c e ty la tio n  and degradation mechanism fo r  ce llu lo se  
was postulated©
From p re lim in ary  experiments, petroleum ether as a p re c ip ita n t and 
chloroform-acetone as a mixed solvent were selected fo r  the fra c t io n a t io n  
of c e llu lo s e  t r ia c e ta te 8 S ix fra c tio n s  were obtained by a f r a c t io n a l  
p re c ip ita t io n  method© From th e  osmotic pressure measurements c a rr ie d  out 
on the various fra c tio n s  in  chloroform  using a ra p id  dynamic method, the 
molecular weight o f each fra c t io n  was determined© I t  was shown th a t  
v ir tu a l  n o n -fra c t io n a b ility  o f c e llu lo s e  tr ia c e ta te  w ith  regard to molecular 
weight occurred in  th is  system© N o n -fra c t io n a b ility  is  explained on the  
hypothesis o f a polym er-solvent in te ra c t io n  in v o lv in g  hydrogen bond 
formation© N o n -fra c t io n a b ility  was also observed in  attempts to  fra c t io n ­
ate i t  from a c e tic  ac id  and te trach loroethane so lu tions . From osmotic 
pressure data, the F lory-H ugginsv in te ra c t io n  parameter, fo r  the
(iii)
c e llu lo s e  tr ia c e ta te /c h lo ro fo rm  system was evaluated* S o lu b il i t ie s  of 
c e llu lo s e  tr ia c e ta te  in  d if fe re n t  solvents,, as w e ll as th e ir  solvent 
power numbers, were determined and the re s u lts  were successfully in te rp re te d  
w ith in  the scope o f the proposed hypothesis* The l a t t e r  was also shown to  
he applicab le in  the case o f o ther polym er-solvent systems©
The Mark-Houvjink v isco s ity -m o lecu la r weight re la t io n s h ip  and 
Huggins1 v is c o s ity -co n c e n tra ticn  re la tio n s h ip  fo r  c e llu lo s e  tr ia c e ta te  
solutions in  chloroform, te trach loroethane and acetic  acid were studied  
and th e ir  respective It, a and k f constants were evaluated© S a lie n t  
higher values o f a fo r  the three solvents are a ttr ib u te d  to the in h eren t 
s tiffn e s s  o f the ce llu lo se  tr ia c e ta te  moleculesG
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INTRODUCTION
CHAPTER 1
One of the most widely known organic esters o f cellu lose is  ce llu lose  
acetates I t  is  commercially prepared on a large scale fo r  a v a rie ty  of 
purposes such as the manufacture o f acetate yarn, photographic film s , and 
transparent and pigmented sheets. These are formed from the powdered acetate  
and varying amounts of p la s tic iz e r  by compression, extrusion and in je c tio n  
moulding® Most of these products are manufactured from the secondary cellu lose  
acetate, a product obtained from p a r t ia l hydrolysis of the tr ie s te r . In  the 
la s t  few decades m ilder acety lation  conditions have resulted in  g reatly  improved 
c la r i ty  and uniform ity of the end products with higher te n s ile  strength and 
d u ra b ility .
The cellu lose is  acetyl&ted by tre a tin g  i t  with acetic anhydride mixed 
w ith acetic acid in  the presence of catalysts. This is  represented by,
[CgS,02 (0H) ]  + 3xAo20 [ C gB7O2(-0-C-CH_y + 3xAcOH   ........... . . . ( l . l )
' ( x )  *  8  X
where ( l )  represents the cellu lose as a polymer made up glueopyranose un its  
and the value of x 1500) is  the degree of polymerisation or number of 
glueopyranose un its  in  a single cellu lose molecule.
Cellulose, although a polyhydrosqy*compound, is  not usually acetylated by 
trea tin g  i t  with acetic acid or acetyl chloride since w ith both these reagents 
only a p a r t ia l acety lation  is  reached. The e a rlie s t report of the acety lation
( 1 )of cellulose can be ascribed to Schtitzenberger in  which he describes the 
action of acetic anhydride on cellulose in  a sealed tube a t 180°Cy to give an
amorphous product soluble in  alcohol. Franchimont la te r  showed that 
d iffe re n t catalysts could be used to  improve the e s te r if ic a tio n  reaction and 
obtained esters which were soluble in  e ith er hot or cold alcohol. The
(3)effectiveness of sulphuric acid in  acety lation was shown by Miles when 
cellu lose was treated with an acetic anhydride -  acetic acid -  sulphuric acid 
mixture at temperatures not exceeding 50-55°C, to give a product which was 
insoluble in  acetone but soluble in  chloroform. Miles was able to hydrolyse 
the chloroform soluble product to obtain an acetone soluble product© He thus 
placed cellulose acetates in to  one of two classes; a) fu l ly  acetylated or 
primary acetates which are chloroform soluble, b) p a rtly  acetylated or secondary 
acetates which are acetone soluble. The primary cellu lose acetate (three hydroxy 
groups being substituted) contains 62.5$ combined acetic  acid content while the 
secondary diacetate (two hydroxy groups being substituted) contains 48. 8$  
combined acetic acid content. I t  is  unfortunate that one often finds in  the 
l ite ra tu re  cellulose acetate w ith anything over 54$ combined acetic  acid content 
being termed "cellu lose tr ia c e ta te " . In  the present investigation , the 
preparation and solution properties of cellu lose tr ia c e ta te  having a t lea s t 62$ 
combined acetic acid content have been studied, since th is  compound has received 
very l i t t l e  a tten tion  compared with the diacetate. This is  p a rtly  due to the 
higher to x ic ity  and cost of chlorinated hydrocarbons, such as chloroform and 
tetrachloroethane, required as solvents fo r the primary acetate fo r  commercial 
application.
e.
The acety lation of cellu lose is  a heterogenous process. When the 
cellu lose tr ia c e ta te  formed dissolves completely in  the acety lation mixture 
(acetic  anhydride + acetic acid + cata lyst) the process is  ca lled  a solution  
process and the product obtained by p rec ip ita tio n  is  an amorphous powder.
However, when an in e rt  solvent l ik e  an aromatic hydrocarbon or carbon te tra ­
chloride is  present in  the acety lation  mixture the cellu lose tr ia c e ta te  reta ins  
i t s  fibrous structure and th is method is  known as the fibrous process* Sulphuric 
acid is  the most widely used ca ta lys t in  industiy. Owing to appreciable 
degradation of the cellu lose and the resu lting  products often being unstable 
to heat, when sulphuric acid is  used as a cata lyst, several other catalysts have
been tr ie d  in  the preparation of the cellu lose tr ia c e ta te . Sakurada and 
(4)others obtained fibrous cellu lose tr ia c e ta te  using benzene as a non-solvent
(5)and sulphuric acid as a ca ta lys t. ChQu&hury and P a lit  also have used
sulphuric acid as a cata lyst to obtain cellulose tr ia c e ta te . Kido and
K itajim a dipped cellu lose in  sulphuric acid and acetylated the dried cellu lose
a t 40»80°C in  acetic anhydride vapour to give cellu lose tr ia c e ta te . M a lm ^ ,
ICriiger and H B h n ^ , and M il le r  et a l. ^  have used perchloric acid as a ca ta lyst
/'io)to obtain cellu lose tr ia c e ta te . Gave et aLe ' u®d amhsd ca ta lyst, sulphuric
acid and perchloric acid w ith oarbomtetrachloride as the non-solvent to obtain
(IX)fibrous cellu lose tr ia c e ta te . While OstN '  used zinc chloride as a cata lyst
(12)and obtained cellu lose tr ia c e ta te  a f te r  10-12 days, Barnett showed that a
mixture of chlorine and sulphur dioxide could also be used as catalyst^. Most
(13)recently Fort e t a l. prepared cellu lose tr ia c e ta te  by re -acety la ting  various 
fractions obtained from the frac tion atio n  of the diacetate.
I t  has been indicated e a r lie r  that an unstable product is  sometimes 
obtained when sulphuric acid is  used as a catalyst*. The cellu lose tr ia c e ta te
shows a brown discolouration when dried in  an oven a t 100°Co In  order to
obtain a stable product various s ta b ilis in g  treatments such as washing w ith 2$
sodium sulphate solution a t 80°C ethyl acetate methyl acetate
and organo-tin compounds , have been reported in  the lite ra tu re . In  the
present investigation  fibrous cellu lose tr ia c e ta te  is  prepared using an acetic
anhydride -  acetic acid -  carbon te trach loride mixture containing perchloric acid.
The ra tes  of acety lation  and degradation were compared using various cata lysts
a t d iffe re n t concentrations and various compositions of the acety lating  mixture
and a reaction mechanism is  suggested.
Nearly a l l  high polymers whether prepared in d u s tr ia lly  or under closely
e.
controlled laboratory conditions are heterogenous with respect to th e ir  molecular
A
weight. Various methods have been suggested fo r  separating a polymer in to  
smaller fractions each having a narrower range of molecular weights than th a t 
fo r  unfractionated polymer. These methods depend on the decrease in  s o lu b ility  
of high polymers w ith increasing chain length or degree of polymerisation.
Thus, frac tio n a l p rec ip ita tio n  from solution by a lte r in g  the concentration, 
composition or temperature; frac tio n a l solution by dissolving away lower 
molecular weight polymer in  liq u id  o f increasing solvent power leaving behind 
higher molecular weight polymer; fra c tio n a l extraction w ith mixed solvents using 
coacervation, film  or column methods:;- are the main techniques which are generally  
used fo r  preparing polymer fractions. The most widely favoured method is  th a t  
of fra c tio n a l p rec ip ita tio n  while the f ilm  and column extraction methods are
-iff-
only capable of giving m icro-fractions. Each method has i t s  m erits and demerits
and usually a frac tion atio n  technique is  selected a f te r  prelim inary experiments
to s u it onefs polymer-solvent system* Very few references to the frac tio n atio n
of cellu lose tr ia c e ta te  ex is t in  the l ite ra tu re  and i t  is  often d i f f ic u l t  to
ascertain the combined acetic acid content o f the cellu lose tr ia c e ta te  being
studied in  a p a rtic u la r case. I t  seems c lear that cellu lose tr ia c e ta te  is  much
(18)more d i f f ic u lt  to  frac tionate  than the cellu lose diacetate. Lach et. a l .  
reported the preparation o f four frac tions by fra c tio n a l p rec ip ita tio n  of 
cellu lose tr ia c e ta te  from an acetic acid-acetone mixture using water as a 
precipitant® The specific  v iscosity  of a solution of each frac tio n  fo r  the 
same concentration (which normally depends on the chain length) did not fo llow  
th e ir  order of p rec ip ita tio n , thus the second frac tio n  had the highest and the
( 1 9 )fourth  fra c tio n  the lowest specific  viscosity . Thinius and Dimter obtained
only two fractions having degrees of polymerisation of 315 send 225, by fra c tio n a l
p re c ip ita tio n  of a cellu lose tr ia c e ta te  sample dissolved in  chloroform fu rth e r
d ilu ted  w ith acetone and p re c ip ita tin g  w ith petroleum ether* Kido and Suzuki
fractionated various samples of cellu lose tr ia c e ta te  prepared by d iffe re n t
methods in to  a number of fractions by using a phenol-methanol-water mixture
(60s16s24) as solvent and methanol-water (60s40) as prec ip itan t. Port e t al®
already referred  on p. 3 » did not explain why they used such an in d ire c t method
to obtain various fractions of the cellu lose tr ia c e ta te . I t  seems c lear that
the princip les underlying the frac tion atio n  with respect to molecular weight of
cellu lose tr iac e ta te  are by no means understood* In  the present investigation
the frac tion atio n  studies in  d iffe re n t solvents are described and a theory
is  put forward to explain the anomalous behaviour of cellu lose tr ia c e ta te  
solutions*
The solubility* behaviour of any polymer is  determined by i t s  chemical 
composition as w ell as i t s  molecular weight. In  general the s o lu b ility  decrease 
w ith increasing molecular weight of the polymer Cellulose acetate w ith  a low
(21)combined acetic acid content (18 -  26#^ ) is  reported to be soluble in  water
and cellu lose diacetate is  soluble in  acetone and other simple organic solvents
while the cellu lose tr ia c e ta te  only dissolves in  solvents l ik e  chloroform,
(22)tetrachloroethane and acetic acid. Ccdbof reported the dissolution o f ce llu lose
1 ,
acetate is  determined by whether i t s  hydroxyl groups are e ith e r p reva ilin g
or p ra c tic a lly  absent. The p a rtly  hydrolysed cellu lose acetate is  much more 
read ily  soluble than both ihe completely acetylated cellu lose and the acetate
( 5 )that has been hydrolysed too fa r . Choadhury and P a lit  investigated the 
s o lu b ility  of cellu lose acetate in  acetone, chloroform, and chloroform-alcohol 
mixture (9s1) during the course o f both acety lation  and saponification#
They reported,
" ( 1) The s o lu b ility  of primary cellulose acetate in  chloroform increases 
w ith the progress of acety la tion  slowly a t f i r s t ,  and rap id ly  towards endj 
( 2) the s o lu b ility  of primary acetate in  chloroform depends not only 011 the 
acetic  acid content, but also on the degree of residual c iy s ta l l in ity j  a small 
v a ria tio n  in  la t te r  a ffec ts  the s o lu b ility '1.
i n  the case of secondary cellu lose acetate, the s o lu b ility  in  chloroform 
decreased slowly a t f i r s t  w ith a decrease in  acetyl content then more rap id ly  
la ter# The s o lu b ility  of a secondary diacetate of 50# 1 $  combined acetic acid  
content was n i l  in  chloroform. On the other hand the s o lu b ility  in  acetone 
increased considerably during the i n i t i a l  stages of hydrolysis and decreased 
gradually during the res t of hydrolysis. Marvel, D ietz and Copley^
investigated the s o lu b ility  o f d iffe re n t polymers, including cellu lose tr ia c e ta te ,
ch lo rin a ted
in  d iffe re n t saturated and unsaturated/hydrocarbons and discussed the ro le  of
the hydrogen atom of the solvent in  promoting the s o lu b ility  of the polymer©
Marvel e t. a l. determined the s o lu b ility  of various polymers in  d iffe re n t
solvents and a ttrib u ted  the higher s o lu b ility  in  hydrogen-bonding solvents to
solute-solvent association by means o f CH4r~Q and CH4r*N electron s h ifts *
(25)Bezzi and Oroatto have reported that there is  no c le a rly  defined re lationsh ip  
between the degree of polymeria ation and s o lu b ility  in  the case of cellu lose  
triacetate© In  the present investigation  the s o lu b ility  of cellu lose tr ia c e ta te  
is  determined in  chloroform, tetrachloroethan<% acetic acid, bromoform and n i t r o ­
benzene and the resu lts  discussed in  the l ig h t  of fu rth er polymer^ solvent 
in te rac tio n  studies involving v iscosity  and osmotic pressure measurements®
The molecular weight of a polymer can be determined by a number of methods® 
Those most widely used fo r  polymer solutions are based on a) v iscosity  
measurements, b) osmotic pressure measurements and c) the extent to which l ig h t  
is  scattered by the polymer molecules© A ll these methods have advantages over 
ebullioscopic and cryoscopic methods. The u ltracen trifug e  method fo r  
determining molecular weight is  generally not adopted due to the astronomical 
cost of the apparatus and a u x ilia ry  equipment© As mentioned e a r lie r , a polymer 
sample is  heterogenous w ith respect to molecular weight so that i t  can only be 
characterised by an average molecular weight which does not indicate i t s  degree 
of heterogeneity® Molecular weights can be expressed in  two ways, in  terms of 
a number-average or a weight-average molecular weight© I f  the molecular weight 
is  computed by d ivid ing the to ta l mass by the to ta l number o f molecules, which 
is  equivalent to weighting the molecular weight of each species by i t s  mole
frac tio n , then the number-average molecular weight M is  given by
n
%  = M J l _  + M _ JL _  + . . . . .
2  K . f  N,
i  1  * i  1
( l * 2 )
£  %
where N^N *^ • • are ^he number of molecules having molecular weights , M « .0 
respectively* A lte rn a tiv e ly  the molecular weight of each species may be weighted 
by i t s  weight frac tio n  to give the weight-average molecular weight TST*
where
N.M. M N
¥ = M,1 L~U  4 ML —
i V i  £  Hi M±i  i
2
-  £ V i   ( i . 3 )
rN.M.i  li
&
and fo r  a p e rfec tly  homogenous polymer with respect to molecular weight, the 
number-average and weight-average molecular weights are id en tica l*
Osmotic pressure measurements give d ire c tly  the number-average molecular 
weight and a f te r  suitable ca lib ra tio n  the number-average molecular weight may 
also be obtained form v iscosity  measurements. L igh t-scattering  methods give
the weight-average molecular weight. The values of and M fo r  a givenn w
polymer depend on i t s  heterogeneity and fo r  sharp fractions of narrow molecular
weight range, the ra t io  of is  nearly un ity . For unfractionated polymers
^  M  ^ and the value o f is  a useful ind ication  o f the degree o f polymer
heterogeneity.
( 2 6 )Staudinger extended E in s te in ’s viscosity-concentration equation fo r  
d ilu te  suspensions, to solutions of macro-molecules and obtained the re lationsh ip
c small 
or most widely represented as
Sp/oj -     (1 * 4 )
* nmnl 1
llm  f IgE , 
o -^ O  V. o j  = W  = v   ............................. d '4 )
where = Specific  V iscosity or fra c tio n a l increase in  v iscosity
0 = concentration of the polymer
Kjj s a constant fo r  a given temperature and polymer- solvent system*
M = molecular weight of the polymer
(27) ^[ \ ]  = ’’L im iting v isco s ity  number” is  used in  present investigation  
although in  the older l ite ra tu re  i t  is  referred  to as the 
’’In tr in s ic  v isco s ity” .
Later work has since shown the Staudinger equation to be of lim ite d  v a lid ity  and 
a more general equation to s u it the experimental data has been proposed by
( 2 8 ) ( 2 9 )Mark and Howink • This re lationsh ip , known as the Mark-HoVVwink equation, 
is  given by
[1 \] = K M ................................................................... . ........... (1.5)
where K and w are oonstants fo r  the polymer-solvent system a t a constant 
temperature and M is  id e a lly  the molecular weight of a homogenous polymer*
Once the d iffe re n t constants are determined by measuring the average molecular
weight of a polymer fra c tio n  by some other method, v isco s ity  measurements can. be
adopted fo r  routine work® In  the present work an attempt is  made to determine
the values o f K and f i / is  equation ( l * 5 ) f o r  cellulose tr ia c e ta te  in  chloroform,
tetrachloroethane and acetic acid and the resu lts  discussed in  re la tio n  to
current theories of polymer-solvent in teraction . Staudinger and E d e r^ ^  have
investigated the v iscosity  of solutions of degraded ce llu lose tr ia c e ta te  in
chloroform and m-cresol. The value fo r  Km fo r  glucose acetate in  m-cresol was
26 x 10 ^ which decreased to 6©1 x fo r  a degree of polymerisation of 20
(13)and more; analogous resu lts  were obtained in  chloroform. Fort et al® have 
also studied the viscosity-tem perature re lationsh ip  fo r  solutions of various  
polymers including cellu lose tr ia c e ta te . The viscosity  and osmotic pressure of 
cellu lose tr ia c e ta te  solutions in  chloroform were reported but no attempt was 
made to re la te  them by means of the Mark-Houwink equation.
According to the Raoult' s law derivation of an expression fo r  osmotic 
pressure, %f fo r  a d ilu te  id ea l solution of concentration c we have
n «  M a- ............. .......................
M
A p lo t of it vs© o should be a s tra igh t l in e , from the slope of which one can 
calcu late the molecular weight. When the above re lationship  is  tested using 
a polymeric solute the p lo t usually shows an upward curvature even a t low
concentration, and occasionally a s tra ig h t lin e  with a negative slope have been
( 3 -]) ( 3 2 )
reported. Doa?by , Sohulz and D oll have provided a good il lu s tr a t io n  of
the non-ideal behaviour by p lo ttin g  the reduced osmotic pressure, V c  vs. c
fo r  cellu lose s it ra te  and polymethyl methacrylate in  d iffe re n t solvents
(33) (34) (3^)respectively© Huggins , Plory , Plory and Kilburn , McMillan and
/ / *7^  \
Mayer and Tompa have shorn from a thermodynamic consideration o f the
osmotic pressure of polymer solutions, that the osmotic pressure can be w ritten
as a power series in  terms of concentration so that
71 /  RT _ n  2 .
/o -  + Bo + Cc t  .....................
where B and G are known as v i r ia l  co effic ien ts  and current polymer theory is  
la rg e ly  concerned w ith th e ir  evaluation and the re lationsh ip  between them*
In  the present investigation  osmotic pressure measurements are used, in  the f i r s t  
instance, to determine number average molecular weights of polymer samples 
prepared under d iffe re n t acety lation  conditions and of various frac tions obtained 
during the investigation  of the fra c tio n a l p rec ip ita tio n  o f cellu lose tr ia c e ta te . 
In  the la t t e r  case, a combination of viscometry and osmometiy techniques is  
used to show that in  the cellu lose triaceta te -so lven t systems studied, frac tio n ­
ation  apparently does not take place according to molecular weight© .An 
explanation o f th is  kind of u n fra c tio n a b ility  is  put forward and is  based on 
extensive solute-solvent in te rac tio n  involving hydrogen bond formation between 
cellu lose tr ia c e ta te  and solvent molecules. Some evidence fo r  solvation of 
cellu lose tr ia c e ta te  molecules have been provided by C lem en /"^  who observed 
a s h ift  in  the carbonyl group absorption frequency in  the I.R . spectrum when
cellu lose tr ia c e ta te  is  dissolved in  chlorinated solvents. Hagger and van der 
(39)Wyk have also concluded from osmotic pressure measurements in  te trach loro - 
ethane solutions that many solvent molecules were attached to each acetylated  
glucose u n it of the polymer chain. In  the present work values fo r the v i r ia l
co effic ien ts  in  the osmotic pressure equation^ fo r d iffe re n t cellu lose tr ia c e ta te  
samples and th e ir  th eoretica l in te rp re ta tio n  is  discussed in  the l ig h t  of the
-12'
so lu b ility  and v iscosity  studies. The conclusions reached are shown to be 
consistent w ith the explanation o f the behaviour of cellu lose tr ia c e ta te  solutions 
in  terms of specific solvent-solute in teraction  involving hydrogen bonding®
AnalaR chemicals, w ithout fu r th e r  p u r if ic a t io n , were used throughout 
the present in v e s tig a tio n  unless otherwise stated*
CHAPTER 2
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MEASUREMENT OF TOOOSITX OF CELLULOSE TRIACETATE SOLUTIONS
The v iscosity  of a liq u id  is  defined as the tangential force acting on u n it  
area of e ith e r o f two p a ra lle l planes a t u n it distance apart,when the space 
between the two planes is  f i l l e d  w ith liq u id  and one o f the planes moves re la t iv e
to the other w ith u n it ve lo c ity  in  i t s  own plane# I t s  determination can be
carried  out in  a number o f ways based on the fo llow ing measurement ss~
a) the flow ra te  of the liq u id  through a c a p illa ry
b) the ve lo c ity  of a sphere fa l l in g  through the liq u id  under the force o f g rav ity
c) the torque exerted on an inner cylinder suspended concentrically in  an outer 
one- ro ta tin g  a t a constant speed with the annulus between the two cylinders  
containing the liq u id .
In  the present work a c a p illa ry  viscometer was used to measure the v isco s ity  of 
cellu lose tr ia c e ta te  solutions since i t  is  capable of giving precise resu lts  
using a small quantity of solution. The w ell known P o iseu ille  equation fo r  a
liq u id  flowing through a c a p illa ry  is  given b y ^ ^
where ^  « v iscosity  of the liq u id
P ~ Pressure d if fe re n t ia l between the ends of the tube
a = radius o f the cap illaxy
V = volume o f the liq u id  flowing through the c a p illa ry  in  time t
1 = length of the c a p illa iy
P n a*~t 
8 V I
(2,1 )
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A correction to the P o is eu ille  equation to account fo r  k in e tic  and end e ffec ts  
is  sometimes necessaiy and the v iscosity  is  then given by
^    (2.2)
L  8Y ( l  +X) 8 it ( l  +X) t
where m is  a constant whose theoretica l value is  un ity  and X  is  an end 
correction to be added to the measured length of the cap illa ry * Equation (Z Z  )  
can be used to determine the absolute v iscosity  by means of flow through a 
c a p illa ry  and fo r  viscometers whose driv ing  force is  g rav ity , equation L Z -O  
may be put in to  the form
'h  = K ? t  -  Cy_   (2 .3 )
t
where j5 is  the density of the liq u id  and IC and C are correction constants whose 
values can be calculated i f  and t  are known fo r  two solvents or fo r  one
solvent a t two d iffe re n t temperatures. The values of IC and C were calculated  
by measuring flow times fo r  water a t 25*0°C and 35*0°0. The correction constants 
were neglected in  ca lcu lating  v iscosity  number since the error introduced by 
neglecting them is  very small. I f  one replaces P by h§fe in  equation (2 0l )  
i t  can be represented as
^7 s= h f  g n a^'t 
8 V I
Thus the viscosity  ra tio  of two liq u id s  in  a given viscometer w i l l  only depend 
on the ra tio  of the densities and the flow times of the liq u id s  since h, g, a, V 
and 1 are constants# Thus we have
%  = I i     ( 2 . 4.)
X  *'
- 1 5 -
where \  n . > f  and t /o  are the viscosity., density and flow rates fo r  the,
1 * 1
two liq u id s  respectively. Now since in  the present work the densities of 
solvent and d ilu te  polymer solutions were found to be almost id e n tic a l, then 
equation (2&A)further reduces to
• = 4    (2*5 )
o *o
where ^  and t  now re fe rs  to the polymer solution and solvent# In  the 
present work v iscosity  number is  defined as
» -  * „
ft 0 ~ t o
bo o
where the concentration o is  expressed in  g./lOO ml of solution.
Since the v iscosity  of the polymer solution decreases by roughly per 1°C r is e
H* Oa l l  the measurements reported in  the present work were carried  out a t 25 - 0 .0 1  C 
unless otherwise stated.
Two ITbbelohde viscometers (obtained from Polymer Consultant ^ td .) were used 
fo r  v iscosity  measurements a f te r  being s lig h tly  modified as shown in  Fig. 2 .1 .
The q u ic k fit  jo in ts  were adopted to avoid contamination of the polymer solutions 
and to prevent evaporation o f the solvent while, a t the same time, they g rea tly  
fa c i l i te d  the experimental procedure.
The viscometer was cleaned w ith  a hot chromic acid solution and then 
thoroughly washed w ith f i l te r e d  d is t i l le d  water (No.3 sintered glass crucib le) 
several times. Only f i l te r e d  solvent and polymer solutions were subsequently 
put in  the viscometer. The water was removed by rinsing w ith acetone the 
viscometer was dried by blowing a gentle stream of a ir  through i t .  The 
viscometer was held in  a special holder (Townson and Mercer L td .) to maintain
16
UBBELCHDE DILUTION V lS C O f*T £ *
FIG. 2.1
the v e rt ic a l alignment of the viscomefcer, and th is  in  turn was suspended in  a 
thermostat (contro lled to -  0.01°c) from a le v e lle d  platform© The viscometer 
was l e f t  in  the thermostat to a tta in  temperature equilibrium  fo r  3° minutes®
An a liquo t portion o f tliermostatted solvent ( f i l te r e d  w ith f i l t e r  s tick ) was 
pipetted out in to  bulb A (see fig u re  2®1)© With cone 2 in  position, gentle  
positive  pressure was applied through 3,  so that the solvent was forced up 
through the c a p illa iy  C to bulb E® The pressure a t 3 was released and on 
removing the cone 2 the solvent column was broken a t B and the solvent began to 
flow  fre e ly  through the c a p illa ry  C. The flow time was recorded fo r  the solvent 
to flow between the upper and lower marks of the bulb D© At le a s t four 
successive flow times were determined with a stop-watch which could read up to  
l /5 0 th  of a second© Reading) always agreed w ith in  ^ 0 ,2  seconds and th is
also checked that the c a p illa ry  was free  from blockage© Because of the 
re la t iv e ly  higher v o la t i l i t y  of chloroform, th is  was drained o ff  from the 
viscometer and the remaining traces of solvent were removed by blowing a gentle  
stream of a ir  through the viscometer. When the flow rates fo r sym®-tetrachloro- 
ethane and acetic acid had been determined the solvent was drained o f f  and the 
viscometer was rinsed out th ric e  w ith acetone and dried® Table 2»1 shows 
successive flow times fo r  water a t 25° and 35°0  and also the standard 
deviation &  .
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Table  2* 1 
Flow Time of Water in  Viscometers
Viscometer
Flow time 
in  seconds 
a t 2 5 ° C .
4 Flow time in  seconds ' a t  3 5 C C 4
1 1 8 7 . 5 6 1 8 7 . 5 2 1 5 1 . 5 8  1 5 1 . 8 8
1 8 7 . 5 8 1 8 7 . 2 6 0 . 1 3 1 5 1 . 6 6  1 5 1 - 6 0 0 . 1 5
.
1 8 7 . 3 8 1 8 7 . 3 6 1 5 1 . 6 7  1 5 1 . 6 8
Mean 1 8 7 . 3 9 Mean 1 5 1 . 6 3
;  2 1 9 4 . 2 4 1 9 5 . 5 9 1 5 7  .  2 8  1  5 7  .  4 2
1 9 4 . 2 2 1 9 4 - 1 4 : 0 . 1 9 1 5 7 . 4 6  1 5 7 . 2 2 0 . 1 5
I 1 1 9 4 . 6 0 . 1 5 7 . 1 8
1........................................ Mean 1 9 4 - 3 4 Mean 1 5 7 . 3 3
In  the case of cellu lose tr ia c e ta te  solutions 5®00 ml of thermostatted 
solution (approximate^ g./100 ml) was pipetted in to  bulb A without wetting  
the sides of the viscometer© The flow time was measured as described before 
and then a known volume of thermos ta tted  solvent was added to  bulb A® The 
solution was well s tirre d  by bubbling a ir  saturated with solvent vapour through 1 
w ith cone 2 in  position* A minimum of 4 -fto tim e s  fo r  th is  d ilu ted  solution  
were measured and the mean value was obtained© Adequate mixing was shown by 
rep rod ucib ility  of the readings© Subsequently the flow times o f polymer 
solutions a t 4-5 d iffe re n t concentrations were determined by making fu rth er  
dilutions© Table 2©2 represents a typ ica l v iscosity  run fo r  cellu lose tr ia c e ta te  
in  chloroform®
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Table 202
tzszscz xd rra+tsr. -. zc c c '-t : rteva., *
V is c o s ity  o f C ellu lose T riacetate. (C .T .- .)  In  Chloroform
a t 25°C
Concentration c 
g Q/lOO mla
E ff lu x  tim e52 
in  seconds
2
I V isc o s ity  number
| T| -  % / % °
76.27 vsa
\
i
1.0562 117.48 0.5403 | 0,5114
0.3521 88.66 0.1626 ! 0.4618
0,2112 83.48 0.0947 • 0.4483
0,1509 81 .14 0.0638 0.4211  
; L aVeNor%0.435
,p IIM n„ tl i:ii , ,,, .., ,1-^  ,-lLI|LIM „ „ ., , - - , ...................... ....  „ JM „ , _..... u | , , |L _ _L
§s Only the mean o f 4~*6 readings are reported here and in  subsequent 
Tables (see F ig .2 *2 )*
The m olecular weight of the ce llu lo se  tr ia c e ta te  sample was determin­
ed using the re la tio n s h ip  1*5° The values taken fo r  it and a were those
obtained in  the present work (p 0l 69) and fo r  ce llu lo s e  tr ia c e ta te /c h lo ro fo rm  
system the Mark Houwink! s re la tio n s h ip  can be represented as fo llow s t
[n3 = 0.5927 X 10~6 (M)1 *33 . . . . .  ( 2 . 6 )
On su b stitu tin g  the corresponding L 0VoNo value (Table 2 .2 )  in  the 
equation (2 .b ) , M can be evaluated
0.435 =  0.5927 x 10 ( m)
L
and M ~ 2a5 7 I 3c 10
Knowing the m olecular w eight o f a polymer (M) and th a t of monomeric o r basic
s tru c tu ra l u n it  (m) one can evaluate the degree o f po lym erisation  from the
re la tio n s h ip  D>p# = M/m . . . . .  ( 2 .7  )
In  the case o f th is  sample o f ce llu lo se  tr ia c e ta te  we have
D.P. =  = 88.94-
- 2 0 -
0.7 *
P e t t r m ino t ioT r  o '  L . V . N .  o f  C e l lu lo s e  T r i q e c t d f c  S a mp le  [ C . T . ( )  
in C h l o r o f o r m  a t  2  S ° C
0 . 6 -
j
I
i
r
FIG. 2.2
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MEASUKEMSNT OF OSMOTIC PRESSURE OF CELLULOSE TRIACETATE SOLUTIONS
One of the most widely used methods fo r  ascertaining the number-average 
molecular weight of a polymer is  to measure the osmotio pressure of the polymer 
solution a t d iffe re n t concentrations and evaluate the osmotic pressure a t  
in f in i te  d ilu tio n  as described onp. 3 20 The polymer solution is  allowed to  
eq u ilib ra te  w ith solvent which is  separated from i t  by a seanipermeable membrane 
(GO1) in  a typ ica l osmometer as shown in  Fig. 3.1 .
A
✓i"
l h—* isW
B
S olu tion Solvent
\
|\
\
\
\
C*
Figure 3«1 * Typical Osmometer.
Id e a lly , a semipermeable membrane only allows the solvent molecules to d iffuse  
fre e ly  through ii^ while re ta in in g  the solute molecules. The d ifference in  
height, h, between the meniscus leve ls  fo r  the two c a p illa r ie s , A and B, 
corresponds to the osmotic pressure of the solution. The equilibrium  osmotic 
pressure is  the increase in  external pressure on the solution required to ra ise  
the chemical po ten tia l o f the solvent molecules in  solution to the same value 
as that fo r  the pure solvent, on the other side of the membrane. The change 
in  chemical po ten tia l can be expressed in  thermodynamical terms as follows;
-22-
A 11 = Tt Y n =  -  HI In a ....................... (3 d )O O 0
where A n  = change in  chemical po ten tia l o f the solvent in  solution
n = osmotic pressure
V = p a r t ia l molar volume of the solvent o *
R sa gas constant 
T b= absolute temperature 
aQ = a c t iv ity  of the solvent
Now fo r  a d ilu te  solution obeying Raoultf s law aQ is  equivalent to the mol© 
fra c tio n  of the solvent, x , and since the p a r t ia l molar volume of the solvent 
is  equivalent to the molar volume of the solvent we have
it V = - H i m  ....................... (3.2)
0 0
Since xq + x «  1 where x is  the mole fra c tio n  of the solute equation 4*2
can be rearranged to give
it V = -  RT In (1 -  x) .......................................... (3.2a)o
Now expanding the In (1 -  x) as a power series we have
rt Vq = -  RT ( -x  4-3S2 -  is ?  ) ..................... (3 .3 )
For a d ilu te  solution (lower values of x) we have
k 7 *  EPx = B in  ....................... ........... (3 -3a)
no
rr n nHere x = 0
where n and nQ are the number of moles of solute and solvent, since n is  small- 
fo r  d ilu te  solutions®
Rearranging equation 3- 3a we have
% Y n ~  RTn == RT w
0 0 i
and % Y  n RT
o o  =
w
M -  V o     (3 .4 )
since V n 1o o =  —
w e
Here w is  the weight of solute dissolved din a bnomvolume o f solvent, and c is  
the concentration of the polymer expressed as g« of solute per ml* of solvent®
In  the present case, c is  expressed eOg* o f solute In  100 m l0 o f solvents 
Thus a p lo t of V c  c  should he a s tra igh t l in e  p a ra lle l to the c axis  
fo r  a d ilu te  solution obeying Raoult1 s law and from the in tercep t on the V c  
axis one can evaluate the molecular weight of the solute*
O S
Mien equation 3 • 4* is  tested fo r  polymeric solution a marked deviation is
*\
(31 32) (34) (33)observed f • F lory and Huggins both arrived independently* a t an
expression fo r  a polymeric solute as follows
jc RT , RT „ m / n RT 2 / ,
Q M V d \  /  2 / C *t c 4* o * « • <j \3» 5/
o J  o
7t RT 2
+ Be 4* Co ®®ooo . . * ( 3 * 5a)
Thus again from a p lo t of V c  TS« c fo r  a polymeric solute the molecular 
weight (Mq) of the polymer can be calculated from the in tercept on the V c  axis  
and from the slope of the s tra ig h t lin e  ^ Flory-Huggins solute-solvent in te rac tio n  
parameter ( X )  can be calculated. The terms B and C of the equation 3«5a 
represent the constants fo r  a p a rtic u la r solute-solvent system, and the equation 
3® 5a is  the same as shown by equation (3 *5 )-
D iffe re n t kinds of procedures and d iffe re n t osmometers are availab le  to  
measure the osmotic pressure of polymer solutions* When equilibrium  between 
polymer solution and solvent is  allowed to be reached of i t s  own accord the 
procedure adopted is  known as the s ta tic  method* The s ta tic  method is  usually  
adopted because of the s im p lic ity  of the apparatus and the smaller amount of 
operator’ s manipulation® The main disadvantage of th is  method is  th at in  many 
cases the equilibrium  is  only reached a fte r  2-3 days; moreover the d iffus ion  
of low molecular weight m ateria l through the membrane during th is  period also 
raises complications* Sometimes the external pressure is  applied d ire c tly  to 
the solution c e ll  to bring about equilibrium  (zero osmotic flow) and in  th is  
dynamic method the osmotic pressure can be measured in  a shorter time than in  
the s ta tic  one* The dynamic method, however, requires rather elaborate 
equipment and considerable experience in  detecting when equilibrium  has been 
reached© The "half-sum" method of Fuoss and M ead^ \  the dynamic equilibrium  
method of H epp^^ and that employed by P h il ip p a ^  are a few of the methods 
which have been used to determine the osmotic pressure of polymer solutions 
more rapidly^ In  the present investigation  the osmotic pressure of cellu lose  
tr ia c e ta te  solutions was measured by adopting the rapid dynamic method of 
Bruss and S tro s s ^ ^  using a Pinnei^-Stabin osmometer^^ (supplied by Polymer 
Consultants Limited) as shown in  Figures 3 *2a, 3*2b and 3#3
The outer jacket and the glass osmometer c e ll (3,2b) were f i l l e d  w ith hot
A
chromic acid solution and l e f t  overnight; the osmometer c e ll then being raised  
and lowered to ensure thorough cleaning of the c a p illa r ie s . The c e ll  and outer 
jacket were washed w ell w ith tap-water followed by several washings with
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F l«u r« 3.3 ASSEMBLED OSMOMETER
d is t i l le d  water and then dried in  an oven a t 110°C* The grooved side-p lates
(Fig* 3* 2a) were washed w ell w ith d is t i l le d  water and dried* ’’U ltra c e lla  f i l t e r  
fe in s t” membranes (M eobranfilter Gesellschaft, Gottingen, Germany) of correct 
size (35mm,diameter) were used in  the present work. This and s im ila r types 
of membrane have been frequently used to measure osmotic pressure in  non-aqueous 
solutions *
The membranes were received in  20^ aqueous ethanol solution and a f te r  
washing with deionized water they were l e f t  to stand overnight in  a 1 * 1 by 
volume water-acetone mixture* Nearly h a lf the aqueous acetone mixture was then 
removed and replaced with acetone and the membranes allowed to stand fo r a 
fu rth er 6-7 hours. F in a lly  the aqueous acetone mixture was replaced with  
acetone, in  which they were nom ally  stored. Since in  the present investigation  
chloroform was used as a solvent fo r  cellulose tr ia c e ta te , the membranes were 
fu rth e r conditioned w ith chloroform. 4-5 membranes were allowed to stand in  a 
mixture of equal volumes of acetone and chloroform fo r  a day* The membranes 
were then placed in  chloroform and l e f t  fo r  a day when the chloroform was 
changed* Membranes were subsequently stored under chloroform u n t i l  required0
Working under chloroform in  an evaporating dish a p a ir  of pre-conditioned  
membranes were placed separately on the recesses of the grooved side plates  
(Fig.3o2a) and were held securely by snapping the te flo n  rings in to  position.
The stainless steel p lates were now located ce n tra lly  over the osmometer glass 
c e ll  and the three nuts were tightened down with a small spanner, using fin g e r  
pressure only. The assembled osmometer c e ll was lowered in to  chloroform  
(100-150 m l.) contained in  the outer jacket of the osmometer.
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The outer jacket was firm ly  supported v e r t ic a lly  in  a themes ta t  a t  25°C
which was controlled to  b e tte r than 0©01°0o About 10 ml© of thermostatted
chloroform was allowed to run in to  the f i l l i n g  cup and by th is  means a ir  in  the
osmometer c e ll was completely displaced by chloroform* and the excess liq u id
the
oozing out from the top oy measuring c a p illa ry  was absorbed w ith a plug of
tissue paper. A ir  bubbles remaining in  the osmometer c e ll  were dislodged by
syringing in  and out the solvent w ith a long hypodermic needle lowered in to  the
f i l l i n g  capillary® The sta in less steel push-rod which f i t t e d  comfortably in
the f i l l i n g  c a p illa ry  was then lowered in to  i t  as fa r  as i t  could go and solvent
oozing from the top of the measuring c a p illa ry  was removed as before. Enough
mercury was placed in  the f i l l i n g  cup to seal tne top of the f i l l i n g  c a p illa ry
and excess o f solvent on top of the mercury was removed. The reference
c a p illa ry  was completely wetted w ith solvent by sucking through a rubber tube
(using a pumpette) which was then detached. The top cover of the outer jacket
was placed in  position and 10 minutes were allowed fo r  the osmometer to a tta in
the bath temperature© The push-rod was withdrawn a l i t t l e  so th a t the meniscus
le v e l remained in  the middle of the measuring c a p illa ry . The f a l l  o f the
meniscus le v e l w ith time was followed by means of a tra v e llin g  microscope
( G r i f f in  George Limited) measuring to 0©001 cm. The presence of a leak
could eas ily  be detected by the ra te  of f a l l  of the meniscus© In  the case o f
lea k -fre e  membranes the meniscus le v e l should only f a l l  to h a lf  i t s  o rig in a l
le v e l during a period of 20 minutes. The leaks could be e lim in ated  by
fu rth er tightening the nuts and rechecking the flow ra te . In  the case of a
persistent leak the membranes should be replaced with a fresh set. The membrane
-A  - 1perm eability fo r  chloroform was found to be 5® 9 x 10 hr . which is  comparable 
to the values reported fo r benzene and methyl ethyl ketone^
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By manipulating the push-rod, an&wiiix the solvent on both sides of the 
membranes, the meniscus le v e l in  the measuring c a p illa ry  was exactly adjusted 
to that in  the reference c a p illa ry  and the osmometer then l e f t  overnight* The 
heights of the menisci leve ls  in  the two c a p illa rie s  were then measured and 
th e ir  difference noted© Sometimes a positive or negative pressure head was 
encountered even though there was solvent on both sides of the membranes.
This phenomenon is  usually a ttrib u ted  to the asymmetrical structure of the 
membranes* I f  the membrane asymmetry head is  greater than 0*05 cm* or non- 
reproducible a new set o f membranes should be used, otherwise i t  should be 
allowed fo r  in  subsequent measurements on the polymer solutions® In  the 
present investigation  the membrane asymmetry head correction was applied to the 
lim it in g  osmotic head as described la te r  on p. 31®
A stock solution of the polymer in  chloroform was f i r s t  made up and 
aliquo t portions of i t  were fu rth e r d ilu ted  to give solutions w ith d iffe re n t  
concentrations ranging from 0*1 -  1*6 g, per 100 ml. of solution. A ll  
solutions were allowed to age overnight a t 25°C before being examined® The 
osmotic pressure of each solution s ta rtin g  w ith the most d ilu te  was then 
determined as described in  the fo llow ing paragraph. A complete d ilu tio n  run 
was carried  out without removing the osmometer from the thermostat.
The top cover of the osmometer was removed and as much mercury as possible 
removed from the f i l l i n g  cup using a hypodermic syringe, the remaining mercury 
being transferred in to  the recess in  the f i l l i n g  cup. The push-rod was with­
drawn completely and by applying gentle pressure to the measuring c a p illa ry  the
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solvent from the osmometer c e ll  was displaced in to  the f i l l i n g  cup and removed 
by means of the syringe# The most d ilu te  polymer solution was then introduced 
in to  the osmometer c e ll  taking care to absorb the solution oozing from the top 
of the measuring capillary* as already described on p©28o The osmometer c e ll  
was then emptied and a f te r  two fu rth e r rinses in  th is  way i t  was f i l l e d  w ith  
the polymer solution# A fte r removing a ir  bubbles, making the mercury seal and 
wetting the reference c a p illa ry , the osmometer was closed# 10 minutes were 
allowed fo r  the osmometer to a tta in  the bath temperature before the measurements 
were carried out#
The meniscus le v e l in  the measuring c a p illa ry  was adjusted to be above th at 
in  the reference c a p illa ry  by adjusting the position of the push-rod and when 
the meniscus reached the cross-wire, as viewed through the tra v e llin g  microscope, 
a stop-watch was started# The cross-wire was then lowered exactly 1 mm. by 
means of the vern ier screw# When the meniscus again reached the cross-wire the 
stop-watch was stopped and the time in te rv a l as w ell as the height of the 
meniscus le v e l in  the reference c a p illa ry  recorded# The push-rod was then 
adjusted to a new position, the timing procedure was repeated, and the reading 
of the reference c a p illa ry  again recorded# The process was repeated a t 4 -  5 
d iffe re n t heights of the meniscus le v e l in  the measuring capillary# S im ilar  
readings could be taken fo r  the r is in g  meniscus but in  the present investigation , 
except fo r  the most concentrated solutions, only readings fo r  the fa l l in g  
meniscus le v e l were taken# Since the readings were taken over a distance of 
1 mm., heights below the equilibrium  value were corrected or "averaged” by 
subtracting 0,5  mm# and those above the equilibrium  position corrected by
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adding 0 .5  MQo to the f in a l  reading recorded fo r  each tim ing distance*
The flo w -ra te  was calculated fo r  each position of the meniscus le v e l from the 
equation
flo w -ra te , ix t  ml/min.~ 60 %r  A  h . . . . . . . . . . . . (30 6)
A t
where r  = radius of c a p illa ry  (0«028 cm.)
h :^= timing distance in  cm. ( in  a l l  cases 0.100 cm.) which the 
liq u id  meniscus moves in  the time in te rv a l of IX t .  sec.
The ra te  of movement of the meniscus lev e l takes place according to equation 3*7
- g -  K i - Wdv = K ( h - h e_)   (3 .7 )
where dvr j  ts flow rate  in  the measuring c a p illa ry
IC = a constant depending on the membrane perm eability
h = reading of meniscus le v e l above (or below) h in  level*eq
h = osmotic head, eq
Since a t zero flo w -ra te  h =s h ,  the osmotic head was obtained by p lo ttin g
applied pressure vs. f3.ow-rate (F ig. 3® 4) and extrapolating the s tra ig h t l in e  to  
zero flow -rate ; which when calculated using the lea s t squares method agreed to  
accuracy. The asymmetry correction was applied to the osmotic head and 
values reported in  Table 3* 1 are the corrected osmotic head sa
The osmometer c e ll  was then rinsed th rice  w ith the next higher concentration  
of polymer solution and the osmotic head was determined as described before® 
A fte r the most concentrated solution had been examined the osmometer c e ll  was 
rinsed several times w ith chloroform, and the membrane asymmetiy again checked 
before carrying out any fu rth er measurements.
Table 3a1 shows osmotic pressure data fo r  a cellu lose tr ia c e ta te  sample
(u n frac tio n a te d ) 0
(C.To)^ /  in  chloroform a t 25 C. The data is  represented graphically in
Figs. 3a 4 a*id 3«5« The molecular weight of the cellu lose tr ia c e ta te  was
calculated as follows:
The lim itin g  reduced osmotic head (—) and the slope of the stra igh t lin e  fo r
c o
reduced osmotic head vs, concentration c were evaluated by the lea s t squares
, , zh\ (mean of two, determinations)
method. On m ultip ly ing M  by the density of the solvent/the lim itin g  reduced
/  (47)osmotic pressure ( /© ) was obtained  ^ '  Thus in  th is  case
( V 0) = 6.014 x 1 = 4735 » 8.86 g.cm” 2
In  a l l  cases % is  expressed as g.cm”* and c in g */l0 0  ml® Equation 3*5 should 
be rew ritten  in  the form of equation 3*8 to su it the pressure and concentration 
u n i t s ^ ^
% RT . RT
c M
RT
+  100 i  S  ^ ^ 2  “ X )  0 • ••••..........(3*8)
Thus (%/ )  = g ~  or Mn 53 R T //*,
o n vc' 0
with the un its  of osmotic pressure and concentration used here the gas constant 
R has a value of 848 and T = 298°K
= 2.53 x 10^/^r/o)o
= 2.53 X  105/8 .8 6  
= 28555
Reproducibility of th is  method is  -  5$ as reported by Bruss and Stross . 
V aria tion  in  the reference c a p illa ry  reading is  due to th<r s lig h t change in  the 
position of the osmometer c e ll .  The figures in  the la s t two columns are rounded 
o ff since the rep ro d u c ib ility  of the method is  about 5$ (See Table 3®l)®
E=/)
Osmotic Pressure Data fo r  Cellulose Triacetate Sample  1 (C.T»^) in  Chlorofqm
at 25°C
Table 3.1
Polymer 
concentration 
c g. /1 00 ml*
Meniscus 
in  cap:
5 le v e l 
. l la rv
Difference  
in  leve ls  
cm.
Time in  
second
Flow Rate 
m l./m in. 
x 104
Osmotic 
head h 
cm.
Reduced
osmotic
head
h/c
Measuring
cm.
Reference
cm.
0.2059 3.008
3.500 
3.750 
4.000 
4.250
4.500
0.674  
0.673 
0.670
0.665 
0.666 
0.663
2.326
2,827
3.080
3.335
3.584
3.837
236,42 
164.54 
124.02 
108.50 
100.94 
88.84
0.625 
0.998 
1.184  
1.362 
1*464 
1.66 3
U 39 6.75
0.4118 5.000
5.250
5.550 
6.050
6.550 
7.000
0.667 
0.668 
0.670 
0.673 
0.669
0.669
4-333 
4-. 582
4.880
5.377
5.881 
6.331
236.00 
17 4, 46 
131.00 
103.08
82.30
68.30
0.626 
0.847 
1.128 
1.434  
1.795 
2.164
3.200 7 .7 7
0*6177 7.200
7.500
8.000
8.300
8.800
9.100
0.704
0.705
0.706
0.705
0.705
0.705
6.496 
6.795 
7.294  
7.595 
8.095 
8.395
187.70
142. 46 
114.06 
102.28
84.60
78.60
0.787 
1.037 
1.295 
1 * 445 
1.747 
1.880
5.28 8,550
0.8236 9.100
10.450
10.950
11.350
0.659 
0.653 
0.650  
0.650
8 ,441
9.797
10.300
10.700
424.50
114.70
87.50
79.00
0,3481
1.288
1*689
1.871
7.84 9.52
1»0294 7.950 
8.900 
10.000 
10.600
0.673 
0.671 
0.665 
0.665
7,277
8.229
9.335
9.935
73.10  
107.60 
200.00 
4O4.64
2.021
1.373
0.739
0.365
10,57 10.27
Pure solvent 0. 4O8 O .4O5 0.003 — — —
LO W  R A U  PRESSURE E XTRAPOLA TO N f-OR UNFRAC TTONED C .T .,
O
O
CONCENTRATION G. / IOO ml
1 0 .3 0 5 *
2 0.411A
3 0 * *7 7
4 O.A23*
5 1.0294
—  I I "UL I. ,1  U »  1_______|---------------- J___
5 270 2 5 5 !o  37S 4 0
FLOW RATE rn ) /m |n „ ,04
FIG.3.4
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FIG.3.5
Early experiments indicated that ambiguous resu lts  (minima in  h/c vs,c p lo t)  
could be obtained i f  the extrapolation was made from higher flo w -ra te  s(Fig®3«6 ), 
p a rtic u la r ly  with d ilu te  solutions® This d i f f ic u lty  was overcome by carrying  
©ut subsequent experiments® The flow -rates fo r a d ilu te  cellu lose tr ia c e ta te  
solution (0o1619 g./lOO m l.) were measured over a wide range of applied 
pressure^ The osmotic head was determined by using the method described before 
and statically®  The flo w -ra te  and applied pressure data are shown in  Table 3*2 
and graphically in  Fig® 3* 6. The question as to which lin e  when extrapolated  
to zero flow -rate  w i l l  give the correct osmotic head was decided by lin e  AB 
giving an osmotic head in  f a i r ly  good agreement (2$) w ith the s ta tic  osmotic 
head determined® Extrapolation in  th is  way also gave good lin e a r  h/c vs, c p lo t 
as demanded by theory® Thus in  a l l  measurements the osmotic head was obtained 
from the measurements a t lower flow -rates and the flow time t  was usually  
between 100 -  300 seconds® This anomalous behaviour is  also mentioned by 
Bruss and S tro s s ^ ^  but i t  is  not explained, and i t  may be due to s lig h t  
movement of the membranes a t higher applied pressure®
To Examine Flow-rate behaviour over  ajd.de range of Applied Pressure
in  the oase o f a d ilu te  C ellu lose T riac e ta te Solu tion
a t 25°Co
Menious le v e l 
in  c a p illa ry Difference in Time in  
Seconds
Flow-Rate 
m l./m in, 
x 104
Measuring
cm©
Reference
cm.
levels  cm.
2,500 0.852 1,648 420.00 0,3518
3-000 0.892 2,108 217,40 0.6797
3*600 0,852 2.748 123.00 —a.
 
o ro o
4® 000 0,852 3*142 101,76 1.452
4*500 0.859 3*641 76.10 1.942
5*000 0,848 4*152 64*60 2.287 :
5.500 0.861 4*639 57*90 2.552
6,000 0.855 5*145 53*10 2,783
7«000 0.834 6,166 41,28 3.580
8,000 0.830 7,170 32.10 4.604
1 *945 0.900 1*045 s ta tic method
Follow ing the present method the osmotic heads obtained by the 
ex tra p o la tio n  o f lin e s  AB and CD were 1®050 and 2.020 respectively©
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CHARACTERISATION OF THE (CELLULOSE AND ANALYSIS OF CELLULOSE TRIACETATE
Structure of Cellulose
Cellulose, rubber and proteins are examples of natural polymers while the
numerous synthetic polymers such as nylon, terylene and acetate rayon are man-
made polymers. Both the natural and synthetic polymers have completely
d iffe re n t properties compared to those of common organic or inorganic molecules,
which is  almost e n tire ly  due to th e ir  very large molecular weights ranging from 
3  610 -  10 . Now i f  one examines the striaeture of the polymer9 one so.oa 
that the simple molecules (monomer) combine in  a d e fin ite  pattern to bu ild  up 
a polymer.
CHAPTER 4
Cellulose is  a polymer made up of repeating fi-glucopyranose un its  and can 
be represented as follows
X-ray evidence of Mark and Meyers indicates that the natural cellu lose is  
la rg e ly  c ry s ta llin e  in  nature, since the ind iv idual chain molecules are thought 
to be arranged p a ra lle l to each other and to be s tab ilized  la te r a l ly  by 
secondary valences or by hydrogen bonds between two opposing hydroxyl groups. 
These observed regions of re g u la rity  of cellu lose chains, are known as 
c ry s ta ll ite s  or m icellae. The m icellae bu ild  up f ib r i l l e ,  which are the
1f i r s t  constituents of the fib res*
Even though the cellu lose is  a polymer consisting of glucopyranose u n its , 
i t  does not reduce Fehlingrs solution; in  th is  respeot i t  d iffe rs  d is t in c tly  
from the ordinary sugars. This is  because the reducing group of glucose is  
involved in  the glucosidic linkage between ind iv idual glucopyranose units© 
Cellulose behaves l ik e  a polyhydroxy compound in  that i t  forms additional 
compounds w ith a lk a lis  and certa in  complex sa lts  as w ell as forming ethers and 
esters® Except fo r  the terminal groups in  the cellu lose chain a l l  glucopyranose 
un its  contain three hydroxyl groups; these consist of one primary hydroxyl and 
two secondary hydroxyl groups. One of the two terminal groups has a hydroxyl 
group in  the 1-p os ition  which is  capable of reducing Fehling's solution while  
the other terminal group has a hydroxyl group in  the ^position®
Cellulose occurs n a tu ra lly  as cotton and wood, cotton being the purest form 
of cellulose® In  the present investigation  p u rifie d  Texas cotton was used and 
th is  was k ind ly  supplied by Dr> J. Honeyman of the Cotton S ilk  and Man Made 
Fibre Research Association. The cotton had been p u rifie d  by b o ilin g  w ith 2$ 
caustic soda a t 35 Ib /sq . in® pressure fo r  3 hours; th is  was followed by treatment 
fo r  1 hour w ith V lO  hydrochloric acid a f te r  which i t  was washed w ell and dried. 
No fu rth er p u rific a tio n  of the cellulose was therefore carried out during the 
present work®
The moisture content (drying a t 105°C), ash content and copper number 
fo r  the cellu lose used in  the present work wage determined; and the data aro duocm 
in  Table 4«1°
Properties of Texas Cotton Cellulose
Table 4.1»
Moisture content 4.9$
Ash content 0© 042$
Copper number neg lig ib le
Methylene Blue absorption 0 .5  m illimoles/lOO g.cellu lose
F lu id ity  in  cuprammonium solution 3*2 "
* Private communication from D ir J . Honeyman.
9 (50)Doree has indicated that fo r  a pu rified  cotton the ash content should
be of the order of 0,03 %*> The copper number is  defined as the weight of
copper reduced from cuprio to cuprous state in  a lka lin e  medium by 100 g0 of
diy cellu lose. With normal cotton the value fo r  the copper number should be
0,2 cs? Ites?; and f&y-ctoagas (degradation and p a r t ia l oxidation of primary hydroxyl
groups) produced in  cellulose on tre a tin g  with acid, a lkali* oxidising agents or
by heat treatment is  revealed by a marked increase in  the copper number®
C arefu lly  p u rified  cellu lose should have a low absorptive power fo r methylene
blue (p u rifie d  American cotton should absorb 0*45 -  0,58 millimoles/lOO g. dry
ce llu lo se). The presence of acidic and pectic m ateria l in  cotton increases the
amount of dye-stu ff absorbed which is  generally expressed in  m illim oles of dye-^
s tu ff  absorbed by 100 g. o f dry cotton. The f lu id i t y  of the solution shown an
Table 4© 1 is  given in  C.G.S. un its  fo r  a 0 .5 $  solution of cellu lose in
(51)cuprammonium solution . The f lu id i ty  is  inversely proportional to the chain 
length^i. e« the f lu id i ty  increases with the degradation of the cellu lose chain. 
Moreover the f lu id i ty  is  d ire c tly  proportional to the te n s ile  strength which
The values fo r  ash content, copper number, methylene blue absorption and 
the f lu id i t y  ‘indicate that the cotton used in  the present investigation  consisted 
of extremely pure cellulose,
Analysis of Cellulose Triacetate
A number of methods are availab le  fo r  determining the combined acetic acid
content o f cellu lose acetate. Genung and M a l ia t^ ^  have compared various
( 5 3 )
an a ly tica l methods and reported that although Eberstadt’ s method involving
saponification of alcoholic swollen acetate takes 2-3 days to complete one
determination, is  the most re lia b le  and reproducible method# The a lk a li
saponification method could be completed w ith in  a few hours but accurate resu lts
are more d i f f ic u l t  to a tta in  by th is  method than hy Eberstadt’ s method# Ost’ s
d is t i l la t io n  method^ ^  (acid hydrolysed) is  much more laborious to carry out
(55)but can be completed in  a shorter time# Malm et al# have determined the 
combined acetic acid content by a homogenous saponification method. They
accounts for its  widespread use in the textile industry.
c la ss ified  acetate according to combined acetic content and suggested an 
appropriate mixture of solvents w ith /r ic h  to dissolve/'acetate. These workers
showed that by adding a lk a li  and water stepwise, the ester did not p rec ip ita te  
out during the saponification time of about 6 hours, Howiett and M a r t in ^ ^  
have suggested the use o f alcoholic soda fo r  the saponification of cellu lose  
diacetate and alcoholic potash fo r  cellulose tr ia c e ta te  or fibrous highly  
acetylated cotton# A fte r a minimum period of 2 hours^excess of a lk a li  should 
be neutralised with excess acid, and the remaining acid f in a l ly  back-ditrated  
with standard a lka li#  Howlett and M artin ’ s method gave reproducible resu lts
■while requiring the lea s t time to complete one run, and was therefore adopted 
in  the present investigation©
0.2  -  0«4 g. of dried ce llu lose tr ia c e ta te  was weighed in to  a 175 ml. 
conical flask  and 15 ml- o f IN potassium hydroxide in  a 1s1 by volume CH^OH-H^O 
mixture was added to i t .  The fla sk  was stoppered and saponification carried  
out fo r  4 hours at room temperature. 15 ml. of IN  H^ SO^  was then added and the 
mixture was fu rth er d ilu ted  w ith 80-90 ml. of fresh ly  boiled and cooled d is t i l le d  
water and l e f t  aside fo r  h a lf  an hour. The excess acid was t it ra te d  with a 
standard solution of 0.1 -  0 .2  N sodium hydroxide using phenolphthalein as 
indicator® Duplicate determinations and a blank experiment were carried out 
and the blank value was subtracted from actual l i t r e s *  The percentage of 
combined acetic acid in  the sample was calculated as follows;
% Ac OH =  6.005 (v-j -  v2) H ........................... ( 4. 1)
w
where v^  = ao tu a l l i t r e  
Vg « Blank t i t r e  
N = Normality of NaOH 
w = weight of sample.
The resu lts  of typ ica l analyses are shown in  Table 4.1 .
Table 4^i
Typical Analyses of Cellulose Triacetate
Wt. of substance 
g*
NaOH
t i t r e
...... _________ :
ml. of
0.2395 N NaOH used 
fo r  saponification
Ac 0H
Blank 10.27
0* 2164 19-70 9-43 62.77
0.2485 20.98 10.71 62.00
0.2495 21.02 10.75 62.00
0.2458 20.90 ; 10.63 62.22
Mean 62e22
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rthdt off reaction mechamism involved in  the
CHAPTER 5 T’RBP.ARATTOH OF CgLDUDOSE. TRIACETATE
As described e a r lie r  ce llu lose, un like sugars, does not dissolve in  water 
as w ell as in  common organic solvents, but is  only soluble on Schweitzer
f \
reagentv (cuprammonium so lution), concentrated aqueous zinc chloride  
v58 59)solution v f J etc. The higher degree of c ry s ta llin ity  of the cellu lose
micellae is  considered to be responsible fo r  i t s  in s o lu b ility  in  common
solvents. Solvents which can be used to dissolve cellu lose, are decomposed
under the experimental acety lation  conditions, and hence a l l  reactions carried
£
out with cellulose are. heterogenous in  nature. During the heterogenous 
acety lation  of cellu lose in  a mixture of acetic acid, acetic anhydride, and
cata lyst, the cellu lose tr ia c e ta te  formed goes in to  solution and th is  method
\
of acety lation is  known as the ’ solution method'. The presence of an in e rt  
solventiiRe'carbon te trach loride , benzene, toluene e tc , , in  the acety lation  
mixture prevents the dissolution in  s itu  of cellu lose tr ia c e ta te  in  the 
acety lation  mixture, and fibrous cellu lose tr ia c e ta te  is  obtained, This 
process is  thus known as the ’ fibrous acety lation process’ . Sakurada^^  
reported that the course of the acety lation  reaction is  la rg e ly  controlled  
by the rate of d iffus ion  of reactants and cata lyst in to  the inner p a rt of the 
cellulose® Hess and T ro g u s^   ^ andHappey^^ also concluded, from the 
observed changes in  the X-ray patterns during the acety lation  of cellu lose  
that a fte r  an in i t i a l  surface e s te r ific a tio n  the reaction depends on the 
d iffus ion  of reactants and ca ta lyst in to  the inner part of the fibre*, Thus 
the physical nature of the cellu lose is  of prime importance w ith regard to 
the quality  of the end product. I f  the cellulose is  w ell dried p r io r  to 
acety lation  to remove i t s  moisture content, the resistance of the fib re s  to
/ /“y\
acety lation  is  greatly  increased'1 . This can he avoided by replacing  
the moisture content of the cellu lose by acetic acid, a fte r  a prelim inary  
soaking of the cellu lose in  g la c ia l acetic acid.
The cellu lose is  usually activated before acetylation. During the 
activiolation treatment the cellu lose is  swollen to decrease i t s  degree of 
c ry s ta ll in ity  and thus regenerated cellulose (p rec ip ita ted  from cuprammonium 
solution) can be regarded as the most activated form of cellu lose. Of the 
various treatments which are used to activate  the ce llu lose, the: most common 
one is  to soak i t  in  acetic acid w ith or without the acety lation  cata lyst. 
W ohl^^  has described the steeping of cellulose in  acetic acid and then 
pressing out the excess of liq u id  before acetylation. Hot acetic acid
/ /r/"N
and i t s  vapour' ' have also been reported as pretreating  agents. In  the 
present work cellu lose was soaked in  acetic acid (1 s 42 by w t.) fo r  16 hours.
TI e pretreating  acid was then separated o ff a t the pump, which was followed 
by washing with 20ml of carbon te trach loride  per g. of cellulose unless 
otherwise stated. The acety lation  of cellu lose under various conditions is  
subsequently described*
Perchloric acid and Sulphuric acid as Catalysts.
10g® of cellu lose was pretreated with 419«6g. acetic  acid and the 
pretreating  acid was removed a t the pump but was not followed by washing 
w ith carbon tetrachloride® The pretreated cellulose was then treated with the 
following acety lation  mixture over a period of J j  hours (Laboratory Reagent 
grade carbon te trach loride , acetic acid, sulphuric acid and ethyl ether, 
and Analar r e -d is t i l le d  acetic anhydridewere used in  a l l  subsequently described 
preparationsof cellu lose tr ia c e ta te );
-4 6 -
636go carbon te trach loride
109g« acetic anhydride ?
1*4lg« 7 ^  aqueous perchloric a c id ;
0»74g„ concentrated sulphuric acid ^
which was in i t i a l l y  cooled to 8°C, At f i r s t  the reaction temperature was 
maintained a t 15°G fo r 1-2 hours and then slowly raised to room temperature 
where i t  remained constant# The reaction vessel was shaken from time to time 
during the course of acety lation . Samples of cellu lose acetate were taken out 
a t regular in te rv a ls  of time during the acety lation , and tested fo r  s o lu b ility  
in  chloroform and chloroform-alcohol mixture (9°. 1 by volume)# The alcohol 
in  the mixture is  considered to swell the cellu lose acetate, thus promoting 
the dissolution of the cellu lose acetate in  th^ mixture The complete
dissolution of the sample indicated that the cellu lose was fu l ly  acetylated.
A 1 hour sample was p a rtly  soluble in  the above solvents while a 2 hour sample 
was found to be almost completely soluble. A fte r .an acety lation  time of 3 r hours, 
the samples were completely soluble in  the above mentioned solvents 
(See Table 5 e l). The acety la tion  mixture was separated from the fibrous  
cellu lose tr ia c e ta te , which was subsequently washed with ether, alcohol and 
d is t i l le d  water u n t il  free  from acid (methyl orange in d ica to r)* During the 
course of the work, i t  was found that washing the fibrous cellu lose tr ia c e ta te  
d ire c tly  a f te r  the acety la tion  (without washing w ith ether and alcohol) tends 
to give a p a rtly  hydrolysed cellu lose tr ia c e ta te . When a small sample of 
cellu lose tr ia c e ta te  was dried in  an oven a t 110°C i t  was found to be unstable 
to heat. The remainder of the cellu lose tr ia c e ta te  was therefore s tab ilised  
by the method described la te r  (p«4§ and was followed by diying in  an oven a t p 
110°0 fo r 3-4  hours, before storing in  an a ir - t ig h t  b o ttle . The combined acetic
-4 7 -
acid content fo r  the sample showed i t  to be the cellu lose tr ia c e ta te , using 
the previously described method of analysis (p.43) and is  shown in  Table 5# 1
Table 5.1
Examination of D iffe re n t Samples taken during A cetylation
Time
hrs*
S o lu b ility  in  
chloroform-aicohol
Combined Acetic 
acid content $
Appearance
1 P artly  sellable -
2 P artly  soluble - «=
31- Completely soluble 62.77.62.00) r „ 
62.00,62.22) 5
Woolly and fibrous  
structure retained
The lim itin g  viscosity  number of the 3 r hour sample in  chloroform a t 25°C was 
determined from the v iscosity  data in  Table 5»1a and shown graphically in  
Fig* 5»1«
Table 5.1a
Vel-GQity Data fo r  3 i  hou r C e llu lose tr ia c e ta te  Sample in  Chloroform a t 25°C
Concentration c 
g0/ i  00 ml
E fflu x  time 
in  secs* n-r)0
-Ho ...
Viscosity number Tl"T]0
Ho°
78.9 w»
0,7876 167.8 1.124 1 . 461
0.3938 117.9 0.594 1.254
0.1969 97.1 0.231 1.171
0.1313 90.6 0*145 1.127
0.1125
i
89.0 0.129 1.150
L0V0N. -  1.060
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As indicated e a r lie r , unstable products of cellulose tr ia c e ta te  are formed when 
sulphuric acid is  used as a ca ta lyst fo r  acetylation® The in s ta b il ity  of 
cellu lose tr ia c e ta te  is  a ttrib u ted  to the presence of combined sulphuric acid  
in  cellu lose acetate, and should of necessity be reduced to an in s ig n ific a n t ^  
quantity in  the f in a l product.- According to Malm et al® the sulphuric 
acid ca ta lyst combines w ith cellu lose in  the early stages of acety lation , but 
the sulphate groups are replaced by acetate groups during the la t te r  part o f the 
acetylationo In  industry, th is  is  done by adding 50-75$ aqueous acetic acid 
solution a f te r  the acety lation  process is  over. The amount of combined sulphate 
can also be reduced by slowly adding water to the m i x t u r e A  number of other
(1 4 1 5 1 6 1 7 )methods' ? ' have also been used to s ta b ilis e  cellu lose acetate® In  the
present work the cellu lose tr ia c e ta te  was stab ilised  by a method s im ila r to th at 
described by E m s t^ ^ .  Ernst washed the cellulose tr ia c e ta te  with benzene 
a fte r  the acety lating  procedure, followed by cold and then warm water by upward 
percolation© The cellu lose tr ia c e ta te  was then furbher treated with warn 2$ 
sodium sulphate solution fo r  a short time. In  the present case, e ith er a ir -d r ie d  
or else wet cellu lose tr ia c e ta te  a t the end of the acety lating  procedure, was 
treated with sodium chloride (3 0 -40ml per g, of cellu lose) a t 60~70°C fo r  
10 minutes© I t  was then washed w ith d is t i l le d  water u n t il  free  from chloride  
2.011s (s ilv e r  n itra te  te s t) and dried in  an oven at 110°C fo r  3 -4  hours® T'>e 
cellu lose tr ia c e ta te  s tab ilised  by th is  method showed no discolouration even 
a fte r  keeping i t  in  the oven fo r 15-16 hours. The e ffe c t of longer drying 
periods was not studied.
The cellu lose tr ia c e ta te  prepared by using perchloric acid alone as a 
cata lyst, as described la te r , was found to be completely stable and no 
s ta b ilis in g  treatment was therefore given to i t .  Perchloric acid does not
( 69)combine chemically w ith  the ce llu lose in  the way that sulphuric acid does.
Exolusion of Acetic acid from the Acetylation mixture
5go of pretreated cellu lose was treated with the follow ing acety lation
mixture over a period of 6^ hours,
318 g. carbon te trach loride ,
54*5 g* acetic anhydride,
0®70go 72$ aqueous perchloric acid
0.3? g. concentrated sulphuric acid
which was f i r s t  cooled to 8°C; a t th is  stage the acety lating  mixture had a
very fa in t brown colouration. The reaction temperature was kept a t 12-13°C fo r
1 hour and was then slowly raised to room temperature. Small samples were
then taken out a t regular in te rv a ls  of time, and washed w ith water u n t il  free
from acid and stab ilised  as described before* In  each case th e ir  s o lu b ility
in  a chlorofoim-alcohol mixture (9s1 by volume) was tested and th e ir  combined
acetic acid contents determined, the resu lts  being shown in  Table 5*2.
A fte r hours, when acety lation  was stopped, the cellu lose tr ia c e ta te  was
washed with ether, alcohol and d is t i l le d  water and then stabilised®
Table 5« 2
Examination of D iffe re n t Samples taken during Acetylation
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I Time 
r hrs*
S o lu b ility  in  
Ghloroform-alcohol
Combined Acetic 
acid content $
Appearance
1 P a rtly  soluble
3 Completely soluble 61.4 Considerable degradation
is  suspected
4 i* 62.07 since fibrous structure
broke down
G i 62.68 it
I t  was concluded that the exclusion of acetic acid from the acety lation  
mixture resulted in  considerable degradation, thus th is  method was not 
adopted to prepare cellu lose triac e ta te *
Exclusion of Acetic acid and Sulphuric acid from the acety lation  mixture 
5g. of pretreated cellu lose was treated w ith the follow ing  
acety lation  m ixture,
318go Carbon tetrachloride.,
54e5g« Acetic anhydride 9
0 a 7 0 g o 7 2$ aqueous perchloric ac id ,
oyer a period of 6 hours. The acety lation  mixture was cooled to 8°C p r io r  
to adding to the pretreated cellu lose. Samples of cellu lose acetate taken 
but a t various in te rva ls  of time were washed, s tab ilised  and examined as 
before# The 6 hour samples were washed with ether, alcohol, and water, 
stab ilised  and examined as before. The s ta b il ity  tests and combined 
acetio acid contents of each sample are shown in  Table 5*3#
Table 5*3#
Example of D iffe re n t Samples taken during Acetylation
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Time
hrs
S o lu b ility  in  
Chioroform~alcohol
Combined Acetic 
acid content $
Appearance
1 P artly  soluble 60.80 *22*
2 Completely soluble 61,60
!l 1! 61 * 16
5 U ii 61*87 Fibrous structure  
completely broken 
down
6 it (i 6 2 .61)^9 _ 
6 2 .6 6 )62,43
i i
Prom the appearance of the product i t  was concluded that th is  method
produces severe degradation, i t  was not therefore used to prepare cellu lose
tr ia c e ta te  fo r  fu rth er investigations
Exclusion of Sulphuric acid as C ata lyst and including Acetic acid
in  the Acetylation mixture
5ge of pretreated ce llu lose was treated fo r  7-J- hours w ith an
acety lation  mixture consisting of
318g« carbon te trach lo rid e ,
54o5g® acetic anhydride,
15*7g© acetic acid,
0*70g„ 72$ aqueous perchloric acid,
The mixture was i n i t i a l l y  cooled to 8°C and a f te r  adding i t  to the pretreated
cellu lose, the temperature was allowed to rise  to room temperature© Acetylated
samples taken out a t various times were washed w ith water and stabilised©
Tho hour sample was washed with ether, alcohol and water as beforoj- as
, o %
th is  sample was found to be stable to heat (110 C), no s ta b ilis in g  treatment 
was carried out on i t .  S o lu b ility  tests in  chloroform-alcohol mixture (9s 1 
by volume) and combined acetic acid contents of the samples are shown in  
Table 5*4*
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Table 5*4.
Examination of Different Samples taken out during Acetylation
Time
hrso
S o lu b ility  in  
chioroform-alcohol
Combined Acetic  
acid content $
Remarks j
1 S lig h tly  soluble 53.66
3 it f» .» —
4 Mostly soluble 60*73 -
5 Completely soluble 61.73 Fibrous
if it
61* 90k l  CK
62. 05)
Amorphous* The end 
product was found 
to be stable even 
without s ta b ilis in g .
I t  seemed l ik e ly  that th is  method could be used to prepare a su itab le  
sample of cellu lose tr ia c e ta te . The fa c t that the f in a l product was 
amorphous in  nature, was thought to be due to the prolonged acety lation  time.
The method was therefore repeated to confirm the findings, and the resu lts  of 
the repeat nm are shown in  Table 5*5«
Table 5*5®
Examination of D iffe re n t Samples during Acety la tio n  fRepeat run)
Time 
hr s.
S o lu b ility  in  
chioroform-alcohol
Combined Acetic 
acid content $
Appearance
1'2 Completely soluble 62*17 -
Mostly soluble; 
only few fib res  
l e f t  undissolved
3t Completely soluble 61.70 -
5 i 1! fl 61.89 Fibrous
6? ft tl 62.36)/-0 ..z
62. 50;
tt
In  order to assess the change in  degree of polymerisation (D.Fa) the 
l im it in g  viscosity  number(L,V.N.) fo r the 1^ - and 6y hour samples was evaluated# 
Viscosity measurements were carried  out as described previously (p ,18 ) and the 
data fo r  the two samples are shown in  Table 5 .5a and graphically  in  Fig* 5.1#
Table 5#5a
Viscosity of D iffe re n t Cellulose Triacetate Samples in  Chloroform a t 25°G
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Sample Concentration c 
g./lOO ml.
-
** ........ - 1
E fflu x  time 
secs.
V iscosity number 
^ 0  
Ho0
1-?* hour “ 78.3
0.6612 136.6 0.744 1.125
0.3306 104.9 0.328 0*992
0.1102 86.1 0.099 0.894
L.V.No » 0*844
6-J- hour 78,3 -
0.8696 114*3 Oe 468 0*538
0.2899 89.1 0.137 0*474
0.1739 85.1 0.090 0,517
L.V.No = 0.466
j j j
At th is  stage in  the work, the molecular weight of cellu lose tr ia c e ta te
(5 )wat evaluated from the L.V.N. according to the method of Choudhuryand P a l i t  ,•
This gave fo r the 6-J- hour sample a molecular weight of 6*02 x 10^ and fo r  the
1-J- hour sample a molecular weight of 1*11 x 10 • These resu lts  show that
there is  a continuous degradation of the cellu lose chain during the process
of acetylation. Having obtained a satisfactory acety lation  mixture, i t  was
decided to study the ra te  of acety lation  and the ra te  of degradation fo r
various cata lyst concentrations. The method described above w i l l  be termed 
the " standard method" throughout the course of the present work.
-5 5 -
Lower G o n c e n k ra tlo n j> fj^ j^
T6V.07^v’ perchloric acid per g* cellu lose)
5g. of pretreated cellu lose was tre a te d  with an acety la tion  mixture of
318g* carbon te trach loride ,
54«5g* acetic anhydride^
15* 7'go acetic acid,
0«35ge 72$ aqueous perchloric acid*
The mixture was cooled to 8°C, as before, and the reaction carried out over
a period of 6 hours* Samples were taken out a t regular in te rva ls  of time
during the acety lation  and were recovered as before. The 6 hour sample a f te r
washing with ether, alcohol and water was stab ilised  and recovered* The
s o lu b ility  behaviour of these samples in  chloroform alone and th e ir
combined acetic acid contents are shown in  Table 5*6*
Table 5«6©
Examination of D iffe re n t Samples taken during Acetylation
r -  - ■
Time 
hr s*
S o lu b ility  
in  chloroform
Combined Acetic 
acid content $
Remarks
1 P a rtly  soluble 60® 44) 
58*15] 59.29
Viscosity of th is  sample 
not measured due to 
p a r t ia l s o lu b ility  in  
chloroform
2 Completely soluble 61.51) 
60* 45] 60.98
3 ii 60* 60 
60* 60] 60.60
4 it 61*33]
61*25] 61.29
|  6
* .............. , d
61*99]
61*94] 61.96
1aflvypw*. WWW *—5
Fibrous product
1 1 :
Where possible the L.V.N. of each sample was determined and the,data  
are shown in  Table 5*6a, and graphically  in  Fig. 5.2 .
• Table 5 *6a
V iscosity  of Different/Samples i n Chloroform a t 25°C
-56-
Sample Concentration c 
g«/lOQ ml
E fflu x  time 
secs.
Ti-n0
.
!
V iscosity
number
2 hour 76o 30 c c p a -
1c0352 201«82 1.6451 1*589
„  ‘ V
0,3451 109.15 0.4305 1.248
0*20? 0 94.97 o» 2447 1.182
0*1479 89.37 0.1713 1.158
L.V.No = 1s 082
3 hour cxa 76.36 • = »
Os 2208 92.28 0.2085 0.9442
0*1840 8 9 o ° 0.1721 0.9350
0*1104 84.12 0,1016 0.9205
0*0736 81.48 0.0671 0.9110
L. /*No — 0o900
4 hour 76.26 — * £ & »
1*2392 173.56 1.2783 1.027
0* 2484 91.20 0,1948 0.7859
0,1770 87.06 0.1406 0.7943
| La Vo No « 0.750
6 hour • 3 9 76.34 = aI 1.0064 135.16 0.7320 0.7278
0.5032 103.20 0.3518 0.6991
i 0.2516 89*18 0.1682 0.6685
0,1677 84.70 0.1109 0.6633
L,V,N .= o;653
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determ ination of L .V .N . o f  Samples token during Acetylation
FIG.5.2
Px*eparation o f Cellulose Triacetate  using the Standard Hethod 
Oo 14-. g» perchloric acid per lu lo s e .
50go of pretreated cellu lose was treated w ith an acety lation  mixtui-e 
consisting of
3180g® carbon tetrachloride^
520g® acetic  anhydride }
157go g la c ia l acetic acid^
7«04g* 72$ aqueous perchloric acid ,
The mixture was cooled to 8°C, when a s lig h tly  brown tinge was observed in  the 
acety lation  mixture. The temperature a t f i r s t  rose to 23-24°0 (s lig h t ly  above 
room temperature) and then the reaction vessel was cooled to room temperature 
(20°C) where i t  was maintained throughout the acety la tion  period of 6 hours* 
Samples removed a t regular in te rva ls  of time were recovered as usual, while  
the 6 hour sample ( to ta l product, C.T®^) was recovered by the method previously  
described® The s o lu b ility  of these samples in  chloroform was investigated and
t
th e ir  combined acetic acid contents detennined, the data are shown in  Table 5®7®
Table 5®7* .   i
Examination of D iffe re n t Samples taken during Aoetvlation
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Time
hrs,
S o lu b ility  in  
Chloroform
Combined Acetic 
Acid content $
Appearance
» IS:??}60*37 •
2 Soluble 61.2?
3 H
61.41) 01,35 Fibrous
4 I ! 6 l ‘ 77)fii
61.53)
6(C#T^ ti 62.22 6 l .9 3 ) fiP 
62.06 61.84) 62,06 Amorphousproduct
An amorphous end product may have been due to the existence of a s lig h t ly  
higher temperature, fo r  a short time, during the e a r lie r  stages of the 
acetylation*
The L.V.N* of each sample was determined in  chloroform, and the v isco s ity  
data are shown in  Table 5° 7a, and graphically  in  Fig* 5*$3 *
Table 5*7a
V iaco3ity of D if fe ren t Samples in  Chlorofbjm at._2g^C_
- 5 9 -
Sauple
' 1.... .....
Concentration c 
g*/lOQ ml.
E fflu x  time 
secs.
Ti-n
%
Viscosity No*
Tl-T] /r | o 
of o
2 hour 76*28 rs»
0.7428 131*24 0.7187 0.9675
0.2476 92.10 Q,2062 0.8324
0.1486 85.92 0.1252 0.8427
0.1061 83.00 0.0856 0.8071
L.V .IU*0*796
3 hour 76.20 H I
1.0432 130.20 0.7086 0.6792
0*3477 92.20 0.2100 0,6039
0.2086 85*54 0.1226 0.5876
0* 1490 82.88 0.0877 0.5885 j 
L.V«N.=0o564
4 hour 76.30 warn ear*
1.1244 130.31 0.7079 0.6295
0.3748 92.00 0.2058 0*5490
0.2249 85c 90 0.1258 0.5595
0.1606 83.00 0*0878 0.5466 
LoV.N. =0.535
6 hour 76.26
1.0562 117.48 0.5401 0.5114
0*3521 88* 66 0.1626 0.4618
0*2112 83.48 0.0947 0.4483
0.1509 81.14 0.0640 o. 4241
L.V.N*a 0.435
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Itigher Concentration 'of^ Catalyst tlwn that i n the 
Standard Method T c- 28g. perchloric acid per g® of Cellulose)
5g, of protroated collulose was trea ted  w ith an acety lation  mixture 
consisting of
318g. carbon te trach lo rid e ,
5 4* 5g« ace t ic  anhydride,
15®7g» acetic acid ,
1. 40g« aqueous perchloric acid,
over a period of 6 hours# The acety lation  mixture was cooled to 8°C| p r io r  to
acetylation# The reaction temperature rose gradually to room temperature
and where i t  was kept constant. Samples were taken out a t d iffe re n t times
during the acety lation , washed w ith  water, s tab ilised  and recovered in  the
usual manner. The 6 hour sample was washed w ith ether, alcohol and water followed
by s ta b ilis a tio n  and recovery. The s o lu b ility  of these samples in  chloroform
was examined and the combined acetic acid contents determined. The resu lts
are shown in  Table 5*8.
Table 5.8
Examination of D iffe re n t Samples taken during Acetylation
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Time 
hr s ..
S o lu b ility  in  | 
chlorofoim '
Combined Acetic 
acetic  content fo
Appearance
1 Nearly a l l  
soluble 2 :5 ) 60,65
| 2 Soluble
£ : £ ) 61,47
3 11
I!: S i 6 1 , 6 7
4 11 - Semi fibrous
6 11
K } 61,80 Amorphous
Viscosity measurements were carried  out to evaluate the LeVeN0 fo r  each 
sample ( except 1 hour) and the resu lts  are shown in  Table 5*8a and 
graphically in  Fig. 5.4*
Table 5.8a
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Viscosity of D ifferen t Samples in  Chloroform a t 25°C
--- - ------------***«
Sample Concentration o 
g./lOO ml.
E fflu x  time 
secs.
n -ri
0
^0
Viscosity  
, number
w
2 hour 76,27
0.9? 12 138.47 0.8155 0.8397
0.3237 94.40 0.2377 0.7342
0.1942 86.80 0,1381 0.7108
0.1387 83.52 0.0951 0.6851
L,V.N .= 0.689
3 baur «, 76,33
0*9248 127.30 0,6678 0,7220
0,3082 91.33 0.1965 0.6376
0.1850 85,17 0.1158 0.6261
0,1321 82,60 0.0821 0.6218
I»V .N .= 0.600
4 hour 76,20 «=k
0.8860 117,44 0.5412 0,6108
0.2953 88,44 0,1606 0.5439
0.1772 83,28 0,9229 0.5243
0.1266 81.30 0.6693 0,5287
L,V.N .= 0,425
6 hour 76.35
0.7720 105.16 0,3773 0,4888
0.2573 85,02 0.1135 0.4413
0,1544 81.50 0.067 4 0.4368
0.1103 80.15 0*0498 0.4513
1»V,H.= 0, 510
i
i ——............. .— I ..................................... ■ ■■■— h
A fu rth er amount of cellu lose tr ia c e ta te  (sample C.T.^) was prepared 
fo r  use in  the present work, using the standard method on a s lig h t ly  smaller 
scale as follows
30go of pretreated cellu lose was treated, over a period of 6 hours
w ith an acety lating  mixture consisting of
1908g„ carbon te tra ch lrid e  ,
327g© acetic anhydried ,
94® 4go acetic acid ,
3.22 g. aqueous perchloric acid.®
The acety lation  mixture was cooled to 8°C p rio r to acety lation , and the 
reaction temperature was allowed to r is e  slowly to room temperature and was
then kept constant® Samples were taken out a t d iffe re n t times, washed w ith
water and recovered in  the usual manner, while the 6 hour sample (CpTa^) was
washed w?th ether, alcohol, and water, and recovered. The s o lu b ility  behaviour
of the samples in  chloroform-alcohol mixture (9s 1 by volume) and th e ir
combined acetic acid contents were determined, and are reported in  Table 5*9*
Table 5.9 .
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Examination of D iffe re nt Samples taken during Aoetylation
Time
hrsc
S o lu b ility  in  
chioroform-alcohol
Combined Acetic 
acid content $
Appearance
Completely soluble
»!
61*°5 ) cr 
62.05) 61,55
6 (C .T .2) tl 62.26)
62.18) 62,22 
62.21)
Fibrous structure, 
retained
Maintenance of a s lig h t ly  lower temperature during the early  stages 
of acety lation  is  in  th is  case considered to y ie ld  the fibrous cellu lose  
tr ia c e ta te  even a f te r  6 hours of acety la tion , compared to the amorphous
i
sample obtained using the same method previously described on 58.
The lim itin g  v iscosity  number of the 6 hour sample C /P ^ to ta l ly  precipitate^) 
,jjjsj> determined and the v iscosity  data are shown in  Table 5 *9a and graphically  
in  Fig.5*. 1.
Table 5*9a
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Viscosity of Cellulose T riaceta te  (C*T»^) in  Chloroform a t 25°C
Concentration ci 
g./lOO ml.
1
E fflu x  time 
secs. i m 0
%
V is c o s ity  Numboap
• ^  
v
* 1-
I 80*31
1.0480 159*74 0.9890 0,945'?
0.5240 115*16 0* 4339 0,8282
0.3493 102.54 0.2768 0,7924
0.2620 96.20 0.2018 0.7704
0.1747I1
i
90.89  
...........................
0.1317 0.7543
L.V.N. = 0.720
,
ffhe e ffec t  of  Perchloric  acid in; the Pretreatin g  ac id  for  Cellulose 
5g. of cellu lose was soaked in  a mixture of 1.76g. of 72fo perchloric acid  
and 209® 8go of acetic acid fo r  15 hours. The pre^treating mixture was removed 
a t the pump and washed w ith carbon te trach loride .
The pretreated cellu lose was then treated fo r 6 hours w ith the
follow ing acety lation  mixture.
318g. carbon te trach loride
54«5g* .a c e tic  anhydride
7 ;, acetic  acid 
* ' 8 , e.
Q'*?0g* 72% ^qjueous perchloric acid
The acety lation  mixture was cooled to 8°C p r io r  to mixing i t  with the 
pretreated cellulose® The tanperature slowly increased to room temperature 
and where i t  was kept constant. Samples were taken out and recovered in  the 
usual manner a fte r  4 and 6 hours. The s o lu b ility  behaviour of these samples 
in  chloroform-alcohol mixture (9s1 by volume) and th e ir  combined acetic acid  
contentsare shown in  Table 5*10.
Table 5.10.
Examination of Samples taken out during  Acetylation.
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Time 
hr si
S o lu b ility  in  : 
Chloroform-alcohol
Combined Acetic 
Acid Content $
Remarks
4
6s
—  .....
P artly  soluble
it
1
59.28
*
H i l l  i  59.:21
The sample was shown 
to contain cellu lose  
and cellu lose  
tr ia c e ta te  (see below:
r
I t  is  evident from the resu lts  in  Table 5®10 that when perchloric acid is
present in  the pretreating  acid, only a p a rtly  soluble end produot with a 
lower acetic acid content is  obtained. The end product consists of a 
mixture of cellu lose and cellu lose tr ia c e ta te , rather then diacetate and 
tr ia c e ta te , as shown by the fo llow ing experiment.
1o0079g* of the end product was treated with chloroform and f i l te r e d  o ff  
on a No. 3 sintered glass -crucible. The residue was thoroughly washed
w ith chloroform and subsequently dried to constant weight a t 110°C;
the weight of the residue was 0.0513g* cellulose tr ia c e ta te  being soluble
in  chloroform was thus removed. The residue was insoluble in  common organic
solvents such as, acetone, alcohol, e tc . , but was found to be soluble in
Sohweiter's Reagent. (cuprammonium solution) which is  a solvent fo r
cellulose* Cellulose tr ia c e ta te  (c .T . ^) was insoluble in  the above reagent. 
Moreover when an allowance is  made fo r  the amount of cellu lose in  the end 
product (Table 5#10), the calculated combined acetic  acid content of the 
chloroform soluble portion was found to be 62.41$ in  agreement w ith the 
theoretica l value of 62*45$ combined acetic acid content fo r  cellu lose  
tr ia c e ta te 0 I t  is  thus concluded that the p a rtly  acetylated end product is  
a mixture of cellu lose and cellu lose tr ia c e ta te  (5-1$ ce llu lo se ). This has
(5 ) (7 0)also been quoted in  the l ite ra tu re  by Choudhury and P a l i t  j  Fox and
(71 72) (71)
Sakurada et^al. * . Sakurada and M erita showed that,from  the
s o lu b ility  data of the p a r t ia l ly  acetylated ce llu lo se , acety lation
progresses in  molecular layers. In  the beginning acety lation  takes place in
the amoi-ohous regions of the cellu lose which is  followed by acety lation  of the
m icellae. This was -subsequently shorn by X-ray investigation  of cellulose
(72)
and cellu lose tr ia c e ta te . Sukarada et« a l. v concluded that i t  is  
impossible to prepare diacetate by d ire c t acety lation. In  other words f 
during acety lation  one only gets a mixture o f cellu lose and cellu lose  
tr ia c e ta te , and a t the end of acety lation  the cellu lose tr ia c e ta te  is  
formed which is  subsequently hydrolysed to give the diacetate or acetone 
soluble product.
During the course o f acety la tion  i t  is  noticeable that there is  a f a i r ly
£-
wide-spread in  the combined acetic  acid contents of th<£* duplicate runs '
wee Table 5.10 -  5 .1 4 ). This observed spread is  a ttrib u ted  to the uneven 
composition of cellu lose—cellulose tr ia c e ta te  mixture.
The use of Zinc Chloride  as a Catalyst fo r  Acetylation
(l 1 73 7 a)Zinc chloride has been reported as catalyst' 9 9 fo r  the acety lation
of cellu lose. Thus i t  was thought desirable to investigate  the c a ta ly tic  
a c tiv ity  of zinc chloride fo r  preparing cellu lose tr ia c e ta te  under the 
standard acetylation  conditions (p.58.)Two d iffe re n t ca ta lyst concentrations 
were investigated.
0»12g. of zinc chlor ide ca ta lys t per g. cellu lose
5g® of pretreated ce llu lose was mixed w ith,
318g® carbon te trach lo ride ,
54®5g« acetic  anhydride,
15*7g« acetic  acid,
0e60g. zinc ch loride.
The react Lon was followed over a period of 75 hours. About 20-30 minutes were
.^ ju i r ^ i ' f o r  the zinc chloride to dissolve in  the acety la tion  mixture, which
(7b)was also found by Burton and P r a i l l  ® The acety la tion  process was 
noticeably slower than that using perchloric acid as a ca ta lyst. Samples were 
taken out a t various times and were washed w ith ether, alcohol and recovered 
as before* The resu lts  are shown in  Table 5.11.
Table 5.11
Examination of D iffe re n t Samples taken during Acetylation
. • -67-
Time S o lu b ility  in Combined Acetic .Remarks
hrs* chloroform-alcohol acid content $
6 P ra c tic a lly  indolubl© 1 • 47 ) . p-i-
1.63 ) 1,53
P re c ip ita tio n  o f the
dissolved cellu lose
j 26 11 11 6.61 )  ^ q—
7.23 )
tr ia c e ta te  from the
mixed solvent appeared?
i
i
as slight, tu rb id ity  
on adding petroleum 
ether*
75 ii » 11.89 ii i f.
0«25g« aino chloride per ge cellulose  
The composition of the acety lation  mixture was the same th at in  the 
previous section except that 1.25g« of zinc chloride was used as cata lyst. 
The corresponding data fo r  th is  run are shown in  Table 5® 12®
Table 5.12
taken during Acetylation
Time
hrs>
S o lu b ility  in  
chloroform
Combined Acetic 
acid content fo
.............." ..... ..
Remarks
1 1 
3
t
*
i c
j 72
i
: P ra c tic a lly  insoluble
ft ft 
ft It
<
,
S lig h tly  soluble
f
8 .77 ) o(r 
7 .8 0 ) 5
‘ 11.40
32 .03 ) R,
31 .03 )31,53
P re c ip ita tio n  of the 
dissolved cellulose ? 
> tr ia c e ta te  from 
chloroform appeared 
as s lig h t tu rb id ity  
on adding petroleum 
ether. j
The resu lts  c le a rly  show that the ra te  of acety lation  is  much less than
that using perchloric acid as ca ta lyst. The ra te  of acety lation  however, is  
greater fo r higher concentration of zinc chloride as might be expected.
A
A discussion of the reaction mechanism is  reserved u n t il  la te r .
The e ffe c t of Ethyl ether, as Mon-solvent on the Rate o f Ace ty lation
This experiment was carried out to provide supporting evidence fo r  the 
suggestion,that complex formation between perchloric acid and acetic  
anhydride (discussed la te r )  is  the governing fac to r involved in  the 
acetylation of cellu lose.
5g® of pretreated cellu lose was treated w ith the fo llow ing acetylation  
mixture over a period of 78 hours.
142g® ethyl ether ,
54*5g« aoetic anhydride,
15.7g. acetic  a c id ,
0,70g, 72$ aqueous perchloric acid* ©
The mixture was cooled to 8°C before adding i t  to the pretreated cellu lose and
the reaction temperature slowly raised to room temperature, where i t  was kept
constant. Samples of cellu lose acetate were taken out a t various times and
were washed w ith ether, alcohol, and water and recovered in  the usual manner®
Their s o lu b ility  in  a chloroform-alcohol mixture (9s 1 by volume) was tested
and the combined acetic acid content was determined in  each case© The
resu lts  a."e shown in  Table 5.13*
Table 5.15
I :  pminc/; on of D iffe re n t Samples taken during Acetylatio n
Time
hrs«
S o lu b ility  in  
chloroform-alcohol
Combined Acetic 
acid content $
Remarks
1
2
S lig h tly  soluble
» - ti
— Cotton appearance , 
predominates 1
11
Zy it n 11
I 6
ii
P artly  soluble 21,50 ) ^  cc  
23.60 ) 22,55
ti
I 76 
1
it it 39. 40 )  _R 
37.88 ) 38°64
ii
The e ffe c t <pf Tornorature on ] i r te  of Acetylation
5g. of pretreated ce llu lose was treated with the fo llow ing acety la tion
mixture over a period of 6 hours a t 0°C.
318g« oarbon te trach lo ride ,
5 4 acet i c anhydride,
15<7g. acetic  acid,
0a70g. 72$ aqueous perchloric acid.
The mixture was cooled to 8°C before adding i t  to the pretreated cellulose®
The reaction temperature was quickly lowered to 0°C and kept constant to
+ 0 .5°C by external cooling. Samples of cellu lose acetate were taken out
a t various times during the acety la tion  and were recovered in  the usual
fashion. Their s o lu b ility  behaviour in  chloroform and combined acetic acid
•; ntent.: were determined. The resu lts  are shown in  Table 5*14 s^d are to be
eompaio? w ith those in  Table 5*7®.
Table 5.1 4.
 ^ ■ Examination of D iffe re n t Samples taken during Acetylation
Time
hrs
S o lu b ility  in  
Chloroforza
Combined Acetic 
acid content $
Remarks
12
1
S lig h tly  soluble 
»! 11
appeamace of the 
cellu lose could be 
mistaken fo r  a fa s te r  
fa te  ’of Ja&etylation
2
i
Considerable 
s o lu b ility  with  
fibrous m ateria l 
l e f t  undissolved
5 ? : S ! 45,93
it
3 »» Mt «C9 ! II
Acety la tio n  'o f • Cellulose ifo the absence of- Acetic anhydride 
5gc of pretreated oellulose (but not washed w ith carbon te trach loride ) 
was treated w ith a mixture of 267.5g« acetic acid and 0*70g. of 72$ aqueous 
perchloric acid over a period of 6 days. A cetylation conditions were made 
p a rtic u la r ly  favourable by the omission of carbon te trach loride . Samples were 
taken out and tested fo r  th e ir  s o lu b ility  in  chloroform-alcohol mixture 
(9s 1 by volume) and also in  Schweitzer1 s reagents. The observations are reported 
in  Table 5®15.
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Solubil i t y  behaviour of D if ferent Samples taken during  
Acetylation in  absence
Tim' S o lu b ility  in  
chloroform-alcohol
S o lu b ility  in  
Schweitzer’ s Reagent
Remarks
6 hrs,
f
P ra c tic a lly  insolubl; ) **» A s lig h t tu rb id ity  was 
observed on addition  
of petroleum ether to 
the chloroform -alcohol■ 
extract
1 day II II - ->
i 2 days II II Completely soluble Even a t th is  stage there 
appears to be no 
acety lation  talcing place
6 days »  It i t  ♦ « 1 1
At the end of 6 days the sample was washed with ether, alcohol, and
water and dried a t 110°C.
Thus i t  is  concluded that a mixture of acetic acid and perchloric acid
alone, does not acety late  cellu lose. Malm and C la rk e ^ ^  also reported that
when cellu lose is  boiled w ith lower fa t ty  acids over a period o f 400 hours,
(77)very l i t t l e  d irec t e s te r if ic a tio n  takes place. Burton and P r a i l l '  / have
also proved that a perchloric acid -  acetic acid mixture does not acetylate
quinol, even a f te r  22 hours a t room temperature; subsequent addition of
acetic anhydride, however, caused immediate acety lation  to take place.
A cetylation of Cellu lo s e  in  Absence of Cata lyst
3g. of pretreated cotton (but not washed with carbon te trach loride) was
treated with the fo llow ing acety la tion  mixture over a period of 3k days®
180g, carbon te trach loride  
32®7go acetic anhydride 
13e1g« acetic acid
D iffe re n t samples were examined as oefore and the observations are summarised 
in  Table 5*16.
Table 5»16
S o lu b ility  behaviour o f D i f f erentSanples taken, dur i ng- 
Acetylation in  absence of Catalyst
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S o lu b ility  in  ;S o lu b ility  in  
Chi oroform-alc ohol /jchwei t  z o r1 s . Reagent
Remarks
2 hr s.
|
?
\
P ra c tic a lly  insoluble Only s lig h t tu rb id ity  
showed On addition of A 
petroleum ether to the 
chloroform-alcohol 
extract.
1 6 hrs t 11 It - -
1 day » ii Completely soluble The cellu lose is  not 
acetylated even a t 
th is  stage,
3k days it »i
- .  .......... ....
ti
Or adding perchloric 'acid -cata lyst, a chieroform.-alcohol soluble 
product was observed withing- ty-i hours, jlndieating, cellu lose to bo fu l ly  
aceiylatedo.
ac»’iv
I t  is  clo-'r from these observations that the perchloric cata lyst is
A
essential fo r  the.' acety lation  of ♦cellulose. In  other words an acetic
anhydride-perchlorio acid complex (discussed la te r )  may be the acety lating
agent in  the acety lation  mixture used.
Discussion of Acetylation Results
Since the acety la tion  is  carried  out in  an anhydrous system, the rate
of acety lation  of cellu lose depends la rg e ly  on the a c t iv ity  o f the ca ta lyst
in  such a medium, and i t  is  generally accepted that perchloric acid and
sulphuric acid show th e ir  maximum hydrogen ion a c tiv ity  compared to other
(78 7 q )
acids, when dissolved in  acetic acid 9 and thus they have been termed 
“super acids". I t  is  c lear that the ra te  of acety lation  is  much fa s te r when 
these catalysts are used rather than the mineral acids. There have been 
many theories put forward to explain the ca ta ly tic  a c t iv ity  of sulphuric acid
in  acety lation , and i t  is  known to undergo chemical changes in  the presence
anhydride, ( qq)
o f  acetic ^ Franchimont' 1 suggested that sulphoacetio acid (HSO^CH^COOH,)
is  formed when acetic anhydride is  treated with sulphuric acid, the acetyl
sulphuric acid (CH^COOSO^H) being formed as an inteim ediate compared as shown
by
(OHjCO) gO + H2S 0  5- CHj COOH + CH^OOSO H
v
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(81)
HS0,CH2C00H
S t i l l ie h  '‘o l ', la te r  showed that a t lower temperatures (<(40 c ) aoetylsulphuric
acid is  read ily  formed, while a t elevated temperatures and in  the presence of
excess of acetic anhydride i t  is  converted to sulphoaoetic acid. Thus
under ordinary acety lation  conditions (20°C) the formation of sulphoacetio
(8 2)acid is  ruled out. van Peski was able to acetylate compounds such as 
tribromophenol and tribrom oaniline even a t 0°C (generally considered to be 
compounds d i f f ic u l t  to acety late ) by using a mixture of acetic anhydride and 
sulphuric acid* van Peski also believed aoetylsulphuric acid to be formed when
equivalent amounts of sulphuric acid and acetic anhydride were mixed. Malm 
(6?)e t al# ; have shown that during the e a r lie r  stages in  the acety lation  of
ce llu lose , sulphuric acid combines q u an tita tive ly  w ith i t  and as acety lation
proceeds i t  is  replaced by acetic acid through tran s es te rific a tio n . The
lib era te d  sulphuric acid then recombines with other hydroxyl groups and
fu rth er acety lation  takes place. Thus the sulphur content of cellu lose acetate
in i t i a l l y  increases and then decreases as acety lation  proceeds, f in a l ly
fa l l in g  to a very low value during the f in a l stages of acetylation# The
in s ta b il i ty  of the ce llu lose acetate is  a ttrib u ted  to the combined sulphuric
acid and has been discussed previously (p. 49 ) • Malm et a l . , have
shown th ..t the ra te  of acety lation  of cellu lose also depends upon the
•viiform absorption of sulphuric acid by the cellu lose; a s im ila r observation
was recorded by Thomas^^ in  h is  rapid acety lation  of cellu lose impregnated
w ith certa in  compounds, such as ammonium sulphate and urea. Mackenzie and 
(79)tvinter in  th e ir  k in e tic  study of the acety lation  of 1? 4 ” benzoquinone
with acetic anhydride in  the presence of perchloric acid, have suggested
the formation of what they termed "acetyl perchlorate7 7( $11* C0+£ 10, ) in  the
i 4-
(77)solution. Burton and P r a i l l '  '  in  th e ir  study of the acety lation  of anisole, 
an acetic acid -  acetic anhydride -  perchloric acid mixture, showed that 
acetyl perchlorate is  re ad ily  fomed when perchloric acid ( the protonating  
agent) reacts w ith acetic anhydride. They suggested that the fo llow ing  
e q u ilib r ia  are set ups-
AcOHg + Ao20 jps^f Ac OHv + AcOH Ac+ + 2AC0H  ...............  (5 .1c)
where Ac = cH^&O-* ; Ac is  the acety lation  ion; ko^O H is  the acetic acM
4*anhydrium ion, and AcOH  ^ is  the acetic acidiuin ion.
The resu ltin g  acetylium ion (AC*1*) would then be expected to react with  
a hydroxyl grouy as follows?-
-OH + Ac+ — -OAo + H+....................................................................... .. • (5e 2)
The hydr.qen ion lib e ra ted  would then react w ith a molecule of acetic  
anhydride to produce another acetylium ion. Burton and P r a i l l  believed that 
the reactions 5*1 and 5*2 were rapid and that reaction 5*1 goes almost 
completely to the r ig h t, so that the reaction 5»2 is  the ra te “determining 
step.
Now, as described before, a s im ila r type of acety lation  mixture is  used in  
the present work, and Burton and P ra il l* s  mechanism is  extended to explain  
the acety lation  of ce llu lose. In  th is  case i t  is  proposed that the acetylium  
ion is  the acety la ting  agent, since the present resu lts  show (Table 5*15 and 
5*16 ) that ne ither a1 mixture of acetic acid and perchloric acid nor one of 
acetic acid, acetic anhydride and carbon te trach loride  without any ca ta lyst, 
are able to acety late the cellu lose ( i f  there i.s any acety lation  i t  is  only 
su p erfic ia l) during 75 hours a t room temperature. Burton and P r a i l l a l s o  
found th is  in  th e ir  system. Moreover, van Peski, Mackenzie and Winter, and 
Burton and P r a i l l  have also reported that a brown colouration is  observed on 
adding e ith e r sulphuric or perchloric acid, as ca ta lys t, to the acety lating
mixture and have suggested various reasons fo r i t .  In  the present work the
brown colouration was observed when perchloric acid was mixed w ith  acetic
anhydride on i t s  own®
One of the main d i f f ic u lt ie s  in  the present work, therefore, is  th a t
the rates of acety lation  which are compared must include both the d iffus ion
rates of the reactants through the surface of the cellu lose fib re s  as w ell
as the ordinaiy c o llis io n  ra te  associated w ith the process
-OH + Ac -0AC + H
Now i f  the reaction 5®2 is  the ra te  determining step, then the ra te  of
acety lation  w i l l  be controlled by the concentration of the acetylium ions or,
that is ,  the concentration o f the ca ta lyst. Rates of acety lation  were thus
studied a t three d iffe re n t ca ta lys t concentrations and acety la tion  data
i'K- ^
in  Tables 5»6? 5*7 and 5*8 are summarised £ p©es-iTab le• 5.1? and shown 
graphically in  Fig. 5*5®
Table 5*17.
Combined Acetic a d d  Content w ith Time using D iffe re n t  
Perchloric acid Concentrations
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Catalyst Concentration 
g/g, of cellu lose
Combined Acetic acid content tfo w ith time I
2hrs. 3 hr s. 4 hrsP 6 hrs.
0*07 60,98 60,60 61,29 61*96
0®14 61,27 61,35 61,65 62,06
0*28 61,47 61,67 _ 61*80
The resu lts  are in  agreement w ith reactions 5,1 and 5®2. Both reactions are
considered to be fa s t while the reaction 5®2 is  the rate-determ ining step.
The ra te  of acety lation  increases with the increase in  ca ta lys t concentration, 
which is  in  agreement w ith the acetylium ion being the acety la ting  agent.

( l  1 72 73)Zinc chloride ? • 9 has often been used as a ca ta lys t fo r  the
(75)acety la tion  of ce llu lose. Moreover, Burton and P r a i l l  suggested and 
showed that zinc chloride could be used as an agent fo r  the formation o f 
acetylium ions as follows
ZnClp +  2(RC0)20 — »  (R G O )/ [Z n C jO C O R j . . . . . . . . .  (5 .3 )
(ROO)t1' [ZnGl2 (OCX)R)2]“" + 2-OH —*  2-0-C0R + [2nCl2(OCOR)2]".7(5 .4)
fij? [ ZnCl2(0C0R) - ] “  — —>  2 RCOOH + ZnCl2  .........................(5 .5 )
where R represents a methyl group in  the present case®
I t  is  evident from the data in  Tables 5*11 and 5«12« (p®67*68) rth a t the 'ra te* of 
acety la tion  o f ce llu lose is  extremely slow in  the presence of zinc ch loride, 
in  other words zinc chloride is  a very much less e f f ic ie n t  ca ta lys t than 
perchloric acid* The slower ra te  of acety la tion  when zinc chloride is  used 
as the ca ta lyst is  due to the fa c t that the zinc ch loride -acetic  anhydride -
ci6
complex does not dissociate to the same extent -of acetic  anhydride — 
perchloric acid complex. A s im ila r observation was also recorded by
(7 5 ) ■ . •-
Burton and P r a i l l  when comparing the rates of acety la tion  of quinone 
using these cata lysts . Here also, as demanded by theory, the rate, of 
acety la tion  becomes fa s te r  fo r  higher zinc chloride c a ta lys t concentrations©
I f  in  the presence o f perchloric acid the formation of acetylium ions 
takes place according to the reaction 5* 19 then i t  might be expected th at 
th e ir  concentration could be a lte red  considerably by a change in  the nature  
of the acety la ting  m ixture. In  order to investigate  th is , the acety la tion  
of ce llu lose was investigated when the non-solvent carbon te trach lo ride  was 
replaced with the same volume o f ethyl ether* The rates o f acety la tion  of 
cellu lose were compared using ether as non-solvent and carbon te trach lo rid e  
as non-solvent (tho standard method) and the data from Tables 5*13» 5.7®
-78- ^
cjH> -79-
4r3 presented in  Table 5*18 together w ith the d ie le c tr ic  constants of the 
acety la ting  mixtures.
Table 5 ,18 .
Comparison of A cetylation Rates fo r A cetylating mixtures 
containing Carbon te trach lo rid e  and Ethyl ether
Non-solvent Combined Acetic acid Content $ D ie le c tr ic  
constant *  jTime in  hours
Carbon te trach lo rid e  i 
E th y l'other
2
60.37
3
61,35
‘  i
4
61065 
"
6
62.06 « 
22.38
78
36,64
4.6516
6o8533
*  D ie le c tr ic  constants were measured ac 25 C on a "Dekameter Dk 03" 
instrument (Weissenschaftiiche Technische Werkstatton, Weilheimr Germany.), 
employing the resonance method, w ith the kind permission o f Dr* RoFa Kcmpa.
As indicated by the data in  Table 5®18 there is  l i t t l e ,  d ifference  
between the d ie le c tr ic  constants of the two acety la ting  mixtures, but there 
is  a pronounced change in  the rates of acety lation . An increase in  the 
d ie le c tr ic  constant of the acety la tion  w i l l  favour the formation of more 
acety la tion  ions (from acetic  anhydrium Ac^OH*) in  reaction 5® 1a and 5® 1c 
which in  turn should increase the ra te  o f acety la tion  of the cellu lose.
In  sp ite  of s lig h tly  more favourable acety la tion  conditions i t  is  seen that 
when ether is  used as a non-solvent the ra te  of acety la tion  is  much lower.
In  the case of standard method of acety la tion  i t  is  v ir tu a l ly  complete 
(62.06$ AcOHo) w ith in  6 hours while the acetylation ' is  s t i l l  fa r  from 
completion even a f te r  78 hours. ( 38, 64$  AcOH) when ethyl ether is  used as a 
non-solvent, The slower ra te  of acety la tion  in  the la t t e r  case is  a ttrib u te d  
to  the formation of a hydrogen bonded, ether^perchloric acid complex as follows;-
(C2H5) 20 + H0-C103 (C 2E J 20 , . .  H0C103 . . . . . . . ( 5 . 7 )
This would e ffe c tiv e ly  reduce the concentration of the acetylium ion and
would account fo r  the much slower ra te  of acety la tion  observed® ICido etqol® 
concluded that the ra te  of acety la tion  of cellu lose is  lower in  the case of 
acety la ting  mixture.Susing non-solvents containing - 0-  , >c=0 , and -C£N groups 
than where the non-solvents were hydrocarbon, chlorohydrocarbons, cresol and 
nitrobenzene. They also believed that perchloric acid formed a hydrogen 
bonded complex w ith the more po lar solvents. Malm e t al® and ICido e t al® 
assumed that the ca ta lys t must be absorbed on the ce llu lose fo r  i t  to act 
e f f ic ie n t ly ,  and th is  b e lie f  can be taken as a co ro lla ry  to the present 
views. I f  acetic anhydride reacts w ith the ca ta lys t to form the acetylium ion  
w ell w ith in  the ce llu lose fib re s , :* t  w i l l  obviously act much more e f f ic ie n t ly .
On comparing the data shown in  Table 4 (p. 70 ) w ith  th a t in  
Table 5*7 (p. 58) i t  is  evident th at the fu l ly  acetylated ce llu lose is  not 
obtained w ith in -the  same period of time,'when the ce llu lo se■ is  -acetylated a t 0° 0o 
P a r t ia l acety lation  of the ce llu lose is  mainly a ttrib u te d  to the re s tric te d  
swelling o f the cellu lose m icellae; a t lower temperatures 'interm olecular 
hydrogen bond formation is  favoured and th is  r e s t r ic t  the swelling of the 
m icellae. This is  in  addition to the ra te  of acety la tion  also being lower 
than that a t p. room temperature as predicted by the Arrhenius equation,® 
Unfortunately, i t  was impossible to study the ra te  of degradation of cellu lose  
while acety la ting  a t 0°C, since the samples were only p a rt ly  soluble in  
chloroform.
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Degradati on Mechanism fo r  Cellulose during A cetylation  
In  eveiy preparation of a cellu lose d eriv a tive , i t  has been found 
th at i f  the necessary steps are not taken to minimise degradation of 
the cellu lose chain, one obtains a deriva tive  having an average degree of 
polymerisation BoP. of the order of 300-500. This is  to be compared with  
a much higher D*Po of the order of 3000, f o r ( ^ t a r t i ^  of the
ce llu lose chain takes place in  the presence of acids, bases and oxidising agents, 
as w ell as by the action of ce rta in  m icrobiological organisms. Since, in  the 
present case, cellu lose tr ia c e ta te  is  prepared under conditions where a strong 
c a ta ly tic  acid is  used, the e ffe c t of acids on the degradation of cellu lose  
must be discussed in  more d e ta il.
Under acid ic  conditions scission of the ce llu lose chain takes place 
v ia  hydrolysis of 1-4  glucosidio linkages. This produces a reducing group 
a t one end and a non-reducing group a t the other end as show, by
-81-
reducing non-reducing (5*8 )
Degradation of the cellu lose chain is  also observed in  the present case, in  
spite of the completely anhydrous nature of the system. This can be explained 
on the assumption th at the acetylium ion is  acting as the degradating agent 
as shorn by
which is  s im ila r to the hydrolysis of the 1-4 glucosidic linkages in  the
/ CM \
presence of H^0+ , as shorn in  equation Burton and P r a i l l  have also
shown conclusively that phenyl, acetate' is  formed when benzyl phenyl ether is  
treated  with acetylium perchlorate as follows
OgHj. ~ CK2 -  0 ~ c6h5 + a /  [o6h5 - c h 2 - o  - c 6h5]+
I
4
CgH5 - CH2 + CgHg - 0 - A£  ............. (5 .10 )
The acetylium perchlorate was prepared from s ilv e r  perchlorate and acety l 
chloride according to AgClO^ 4- AcCl Q‘■ AgCl 4* At/ciO^ (5*11)
Their work thus provides support fo r  the mechanism proposed fo r  cellulose*
The regenerated Ac may then fu rth e r act as an acety la ting  or degradative
4-agent® In  the present work, i t  is  proposed that the Ac ion is  also 
e ffe c tiv e  in  degrading fu l ly  acetylated cellu lose molecules.
In  postu lating the degradation mechanism fo r  ce llu lose , shown in  
equation 5«9p i t  is  assumed th at the formation of a charged complex between
JL
Ac and the -0 -  bridge goes almost completely to the r ig h t, the reaction  
between the charged complex and the acetic  anhydride is  then the ra te  -  
determining step* In  other words there would be a higher ra te  of degradation 
fo r  a higher ca ta lys t concentration. Moreover, in  the acety la tion  mixture 
used there is  a 10s 1 excess of acetic  anhydride to ce llu lose , and fo r
complete acety la tion  only 10$ of the acetic anhydride is  used up; thus a pseudo 
f irs t -o rd e r  k in e tic  reaction may be observed in  the case of the degradation of 
cellulose* Elcenstam , from a k in e tic  study of the degradation of ce llu lose  
dissolved in  sulphuric and phosphoric acid, showed that degradation did in  
fa c t fo llow  a f i r s t  order mechanism according to the fo llow ing equations**
k  - T l n 1 l t -  ••............(5.12)
1- m* teal
where lc = degradation constant
t  -  time
and m/M and m/M  ^ are l / p ep# and respectively since m is  the molecular
weight of the monomer in  a polymer chain of Molecular weight M„
H i l le r  rearranged the equation 5®12 to give the fo llow ing re la tionsh ip  
since l A  ^ is  smallJJ,iro
* =  “  k  C(fcp.)Q) + k ^ T i b . ) t ]  .............(5e15)
where (DoPo) and (D®P.) ,  are the average degrees of polymerisation
O "G
in i t a l l y  and a f te r  time t .
Thus a p lo t of 1/-. t, against time t  should be a s tra ig h t l in e , the slope of 
which should give the value o f degradation constant (k ). H i l le r  determined
A
the degradation constants (a t  45° -  115°C) fo r  ce llu lose acetate when 
dissolved in  a'm ixture of acetic  acid and water both' in  the presence and 
absence of sulphuric acid as a ca ta lys t and found th a t the ra te  o f 
degradation was higher fo r  the catalysed reaction. H i l le r  also reported th a t 
the combined acetic  acid content of the ce llu lose acetate increased in  the 
beginning of the ac ety la tio n , th is  was followed by a gradual decrease in
-83-
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ac e tio  acid content, during fu r th e r  a c e ty la tio n * The a c e ty la tio n  of the  
f r e e  hydroxyl groups in  H i l l e r ’ s case may take p lace by means o f the  
fo llo w in g  rea c tio n s ,
Ac OH r»* H^O  — AcOH  ^ +• ^ 0  000
A o O H g  ^ E L k i ^ e r a t a ^  A < *  +  ^  _  ( 5 . 35 )
+The Ao formed a t a h igher temperature w i l l  then re a c t w ith  hydroxyl
groups according to  equation (5«2)o
In  order to in v e s tig a te  th is  aspect o f degradation, the a c e ty la tio n  of
c e llu lo se  was c a rr ie d  out using various c a ta ly s t concentrations* Table 5®19
shows the L0VeNQ o f d if fe re n t  samples taken out during a c e ty la tio n , using
d if fe r e n t  c a ta ly s t concentrations as reported  in  Tables 5®6a, 5®7& 5#8&*
1
The D*P®, T T W  ? Q^d log  t  values fo r  each sample are also recorded, ^ JJ o 1 f>
The DoP® was c a lc u la te d  as p re v io u s ly  shown (p e19) and the v a r ia t io n  of
w ith  time is  shown g ra p h ic a lly  in  F ig 0 5®6*
I t  is  ev id e n t th a t the exten t o f degradation o f the c e llu lo s e  chain
is  g re a te r as the c a ta ly s t concentration  is  increased* I t  can be seen th a t
in  the present case a p lo t  o f l /D * P 0 versus time does not y ie ld  a s tra ig h t
l in e *  This is  a t t r ib u te d  to the heterogeneity  o f the system* H i l l e r ’ s 
%
p lo t  o f j-'v j  versus tim e, although fo r  a homogeneous system, gave a consid~
Do iu o
erab le  s c a tte r  of p o in ts  through which a best s tra ig h t l in e  was drawn and 
the evidence fo r  a l in e a r  re la t io n s h ip  does not seem conclusive*
S akurada^0  ^ has shown th a t the ra te  o f a c e ty la t io n  o f c e llu lo s e  
(heterogeneous re a c tio n ) depends on the ra te  o f d iffu s io n  o f the reac tan ts  
through the c e llu lo s e  surface© The fo llo w in g  em p irica l re la t io n s h ip  was 
found to  express h is  a c e ty la tio n  re s u lts ;
“85~
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e a k tn , ..................................., # . . . .  (5*16)
where e is  the extent of acety la tion  (acetic  acid content) in  time t ,  
k is  a ra te  constant and n is  a constant whose Value generally l ie s  
between 0*215 -  0*530#
More recently  Conard e t a l. ( 90) have also shown th a t the ra te  of acety la tion  
o f ce llu lose takes place according to the re la tionsh ip  proposed by Salcurada.
Now since, in  the present work, a f i r s t  "tfrder p lo t fo r  the • degradation is  
not obtained i t  is  assumed th a t the ra te  o f degradation is  controlled by 
the ra te  of d iffu s io n  of the reactants and thus log D.Po vs log t  should 
be a s tra ig h t l in e . In  the present case log D#P# vs* log t  y ielded a 
s tra ig h t l in e  (see F ig 5#7) in d ica ting  that the ra te  of degradation of 
cellu lose chain also depends on the ra te  of diffusion.? The values of 
k and n of equation 5-16 fo r  lower ca ta lys t concentration, and fo r  the 
standard and higher ca ta lys t concentrations were found (by le a s t squares 
method) to be 3« 71 x 102 and- 0 .36  , and 1#58 x 102 and -  0*33 respectively#
I t  is  believed th at fu rth e r generalization  or in te rp re ta tio n  of the 
present data without a d e ta iled  k in e tic  in vestiga tion , may lead to erroneous 
conclusions#
In  th is  case the main complication arises from the heterogeneity o f the
+system and the fa c t th at the acetylium ion^Ac , is  apparently involved  
in  two simultaneous processes of acety la tion  and degradation#
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CHAPTER 6
SOLUBILITY OF CELLULOSE TRIACETATE, IN  DIFFERENT SOLVENTS .
There is  a d is tin c t d ifference between the d issolution of a simple molecule 
l ik e  glucose and high polymers, such as cellu lose derivatives or po lyv inyl esters. 
When crysta ls  of glucose are added to water, the crysta ls  pass in to  solution  
without any noticeable penetration of the water in to  the c rys ta l la t t ic e  
(provided the c rys ta l does not tend to absorb water of c ry s ta llis a t io n ). On 
the other hand, when a polymer is  added to a solvent the solvent molecules 
penetrate the so lid  phase and the each p a rt ic le  o f polymer takes the fo m  of a 
swollen lump, which gradually dissolves in  the solvent to give a homogeneous 
solution® The extent of swelling and dispersion of the polymer molecules in  a 
given solvent is  a ffected  both by the structure of the polymer and the nature o f
the solvent® The general th eo re tic a l aspects of the s o lu b ility  of polymers have
(91) (92) ( 93)been discussed by S purlin  , Howlett and Urquhart , and Small .
Broadly speaking, the d isso lution  of the polymer should take place in  a solvent
w ith the same or nearly  the same cohesive energy density (C„E.D.) .  C.E.D. is
(93)defined as the energy of vaporization per u n it volume of solvent. Small ^ 
has shown that i t  is  possible to ca lcu late  the C.E.D. of the polymer® Thus a 
polymer which is  not soluble in  e ith e r  of two liq u id s , may in  fa c t be soluble in  
a m ixture having CoILD® c lo s e r to  th a t o f the polymer. The ohemi-o&L 
structure of the polymer and s tiffn es s  of the polymer chain may play an important 
ro le  in  deciding the s o lu b ility  o f the polymer in  a given solvent.
In  the l ite ra tu re  a number of solvents such as chloroform, sym- te tra ch lo ro - 
ethane^ acetic  acid and nitrobenzene have been reported fo r  cellu lose tr ia c e ta te .
Choudhury and P a l i t  , Marvel e t a l.  ^ , 24)  ^ C o lto f^ ^  have measured the 
s o lu b ility  of ce llu lose tr ia c e ta te  in  various solvents® Malm e t a l.   ^^ , have 
reported the s o lu b ility , in  a q u a lita tiv e  way, of the homologous series o f 
cellu lose tr ie s te rs  from the acetate to the palm itate in  various solvents. In  
the present work the s o lu b ilit ie s  o f cellu lose tr ia c e ta te  are measured in  
various solvents and are compared. An inconsistency is  observed and an 
explanation is  put forward to account fo r  the observed anomalies. The s o lu b ility  
of ce llu lose tr ia c e ta te  was determined by one of two methods depending on the 
nature o f the solvent as fo llow s.
Procedure fo r  Poor Solvents
A small quantity of dried ce llu lose tr ia c e ta te  was weighed out accurately  
in to  a glass stoppered conical fla s k  (100 m l.) . 15 or 25 ml. of solvent was
added by p ipette* and the stoppered fla s k  shaken fo r  3 -4  hours on a mechanical 
shaker. The fla sk  was then l e f t  in  a bath a t  25 ~ 0 o01°C fo r  hours*Tho
highly swollen undissolved polymer was separated from the solution by c e n tr i­
fuging or by f i l t r a t io n .  A known volume of the f i l t e r e d  solution was evaporated
c a re fu lly  to diyness on a hot p la te  and the residue of ce llu lose tr ia c e ta te  was
o
dried to constant weight in  an oven a t 110 C,
For bromoform, pyrid ine, dioxam &n& ethyl alcohol (absolute) the 'figures fo r  the  
s o lu b ility  were obtained by shddngtifew m illigram s o f ce llu lose tr ia c e ta te  w ith  
40 or 50 ml0 of solvent and allowing i t :  to  reach equilibrium as before, Saturated  
solutions were obtained in  a l l  the cases. For the sake of comparison these 
values are reported in  Table 6*1. I t  should be emphasised that the saturation  
values in  a l l  these solvents were much less than the figures recorded*
The technique used fo r poor solvents cannot he used in  the case of good
solvents (chloroform and tetrachloroethane) since they gave very viscous
u n filte ra b le  solutions and incomplete separation of the phases occurred even on
centrifuging# To overcome these d i f f ic u lt ie s  the fo llow ing method was used. !
From prelim inary experiments the saturation value was assessed by varying
the solvent to polymer ra t io  to ju s t give a c lea r solution# A small amount of
ce llu lose tr ia c e ta te  was then weighed out in to  the stoppered fla sk  and the
calculated volume o f the solvent p ipetted in to  the fla s k  to  give s lig h t ly  less
percentage of polymer in  solution than the predetermined value. The fla s k  was
shaken and l e f t  to reach equilibrium  as before and the solution then examined
fo r  homogeneity. I f  a c lear homogensms solution was obtained then the saturation
concentration obviously is  between th is  and the previously assessed value®
Experiments were repeated u n t i l  two successive runs w ith  s lig h t ly  d iffe re n t
polymer-solvent ratios ju s t gave a s lig h t ly  tiafeid solution* These gave consistent 
the
values fo r /s o lu b il ity  o f ce llu lose tr ia c e ta te  in  a given solvent and the mean of 
these two values was taken as the s o lu b ility , y/k&n a h igh ly  swollen polymer 
phase was noticed in  the solution the experiments were repeated u n t i l  the
IatAA
s o lu b ility  fig u re  reached, as mentioned above. The s o lu b ility  values obtainedA
by these methods are shown in  Table 6 .1 ,
Procedure for Good Solvents;-
Table 6,1
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SOLUBILITY .OF CELLULOSE TRIACETATE IN  DIFFffBNT .SOLVENTS AT 25°C
■ - rrfr- ~i ' m  ' * m. . . l  i ' ■ i i    r r  -  i g   r  . i-» 1 - j ■ . -■ -~rnn r — —  i m lf .. ■ ■ ~ ------  i n ' W ' n n -----1‘ ................   — I----- -
Solvent Formula g. of Cellulose tr ia c e ta te  
per 100 ml# solvent.
Sym“ te  trachloroe thane
Chloroform
Acetic acid
Nitrobenzene
Bromoform
Pyridine
Dioxane
Ethyl alcohol 
Acetone
Cl
\
H-C * 
H
Cl
Cl
C-H
♦
Cl
Cl
Cl-d-H
1
Cl
H
I
H-C ~C -  OH
1 «H 0
n o 2
H C f f ^ G H
HC
CH
Br
I
Br -  C -  H 
5
Br
CH
/ 0
CH,CH0 
( 2  | <=■
CE0 CHp 
\ Q  '
H
H
t
H
H
t
?
H
OH
CH-COCH 
D 3
21,92 
22.20
Mean ~ 22.06 
)
11.29
11.59
Mean « 11 * 44
1.86
1.87
Mean = 1.865
0,0006
0.001
Mean = 0.0008
0,0252
<10.0332
<  0 .0 2 4 2
< 0.0238 
Z  0.02
CHAPTER 7 EVALUATION OF SOLVENT POWER
In  both the in d u s tr ia l app lication  and the fundamental study o f solutions,
studies involving the addition of a non-solvent to a polymer solution are o f
considerable importance* Such studies have usually been carried  out in  order
to postulate the behaviour of solvents and p la s tic iz e rs  as a function of both
the degree of substitu tion  and the nature of the substituent groups in  the
polymer® Moreover, attempts have been inade to co rre la te  what is  known as the
(95-98)"solvent power" w ith the v isco s ity  o f the polymer solution »
Moreover, some co rre la tio n  of solvent power w ith  the properties of the film ,
formed from a p a r t ia l evaporation of a solvent non-solvent m ixture, has been
(99)reported* Thus Hass e t a l* have shown that a poor solvent leads to a
strong and' tough f i lm , while b r i t t le  film s are formed from the good solvents.
Broadly speaking, tue solvent power can be in terpre ted  as a measure of the 
opposition to separation of the polymer phase, when a non-solvent (p re c ip ita n t)  
is  added to the polymer solution. In  other words the solvent power is  
equivalent to the volume of the non-solvent required to produce a tu rb id ity  (due 
to the separation of the polymer) in  the polymer solution. The volume of the 
p rec ip ita n t to ju s t bring about tu rb id ity  has been variously ca lled  the
"threshold value.", "p re c ip ita tio n  value",- "d ilu tio n  r a t io " '10- '  or "alcohol 
(95)number" '  ' in  the l i te ra tu r e . In  the l i te ra tu re , the concentration of 
polymer solution investigated varies widely from about 0*01 -  1*C$ 
and thus care should betaken when comparing values of the solvent power* The 
appearance of tu rb id ity  can usually be detected by v isua l examination, but in  
certa in  cases measurement w ith a turbidim eter is  desirable.
In  the present in ves tiga tion  the solvent power of the d iffe re n t solvents 
fo r  ce llu lose tr ia c e ta te  was determined, in  order to study the e ffe c t
-92-
of addition of non-solvent on polymer-solvent in te ra c tio n  involving  
hydrogen bond formation. Moreover, co rre la tion  between solvent power and
I / .1 Q*1 \
Huggins' constant (k : ) in  h is viscosity^concentration re la tionsh ip  
was also examined.
The ce llu lose tr ia c e ta te  sample G.T. having an Mn value of 38,240  
was used to compare the solvent power of various solvents. A 1>- (g */l00m l. 
solution) of ce llu lose tr ia c e ta te  was prepared in  the solvents chloroform, 
tetrachloroethane, and acetic  acid. A known volume of solution a t 25°G was 
pipetted out in to ’ a1’b o ilin g —tube. The' bo iling-tube was. kept- in . a  .both at 
25° -H 0.01 °G and the p re c ip ita n t was added drop-wise, w ith  constant s t ir r in g ,  
from a burette having an extended t ip . The burette  tap was lubricated  
w ith a th in  film  of g lycero l instead of grease. On the appearance of 
tu rb id ity , the fu rth e r addition o f p rec ip itan t was suspended and the solution  
was fu rth e r s tirre d  to make sure th a t the tu rb id ity  was not simply due to 
lo c a l precipitation® I f  the tu rb id ity  persisted the volume of the p re c ip ita n t  
was taken as the p re c ip ita tio n  value. I f  the tu rb id ity  disappeared a f te r  
s t ir r in g  fo r  a few minutes, fu rth e r addition o f the p re c ip ita n t was made 
and the p re c ip ita tio n  value determined as before. Sometimes i t  was* very  
d i f f ic u l t  to judge exactly when the appeamace of tu rb id ity  occurred and thus 
the reported values may be subject to some uncertainty. For comparison 
purposes, however, the procedure was found to be qu ite  satis factory ; the 
v a ria tio n  in  the mean value is  considered to be not more than 5$. Table 701 
shows the p re c ip ita tio n  values of cellu lose tr ia c e ta te  sample C.T#^ 
various solvents© P re c ip ita tio n  values fo r  ce llu lose tr ia c e ta te  samples 
in  chloroform and in  various mixed solvents are also reported in  the 
fo llow ing chapter dealing w ith i t s  frac tion atio n .
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Table 7.1
P re c ip ita tio n  Values fo r  Cellulose Triaceta te  Sample C.T.p 
in  D iffe re n t Solvents a t 25°C»
Solvent Volume of the p rec ip itan t (ml*) required  
to cause tu rb id ity  in  25ml® of solution
Petroleum ether 
(100 -  120°C fra c tio n )
D iethyl ether
Tetrachloroethane 1 1 « 40) A ij ryy
11. 35 )11* 37
11.70)
I I . 4O) 11.54 
11.52)
2.12)
2,10) 2e 1
Chloroform 7 .6 ) „ 
7 .4 ) 7 ,6
1.00)
8*90) Qp 
1 .20) U ° 2 
1.00)
Acetic acid
l : l l !  * * S i 0 , 7 5
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FRACTIONATION OF CELLULOSE TRIACETATE SOLUTION
In  general, i t  is  tru e  th a t a polymer, prepared e ith e r  from a n a tu ra l 
polymer l ik e  c e llu lo s e  or by polym erising simple molecules (monomers), is  
heterogeneous in  nature w ith  respect to  i t s  m olecular weight® The pro­
p e r t ie s  o f the polymer may a l t e r  considerably w ith  a change in  i t s  
m olecular weight® Provided the uniform chemical composition of the 
polymer remains unchanged, the s o lu b il i ty  o f the polymer g en era lly  deoreases 
w ith  in creas ing  m olecular w eight, in  a given solvent® This prop erty  is  
in vo lved  in  the fra c t io n a t io n  of the polymer by fra c t io n a l p re c ip ita t io n  
and fra c t io n a l s o lu tio n  methods® F ra c tio n a tio n  is  a technique whereby 
the polymer is  separated in to  small fra c tio n s , each having a much g re a te r  
homogeneity w ith  respect to  m olecular weight than the o r ig in a l u n fra o tio n -  
ated sample®
"When a so lu tio n  of the polymer is  s u f f ic ie n t ly  cooled or enough
non-solvent is  added to  i t . ,  the s o lu b il i ty  of the polymer is  reduced and a
second phase appears in  the solution® In  th is  oase higher m olecular
w eight polymer p re c ip ita te s  ou t, w h ile  the lower m olecular weight m a te ria l
remains in  solution® The f i r s t  q u a n tita tiv e  ideas about fra c t io n a t io n
were put forw ard by Br/z(nsted f t 0^) and fu rth e r  m odified by SohuDs fa0j5)
The m odified S chu lz-B r/nsted  equation , expressing the e q u ilib riu m  d is tr ib u ­
tive fijL siolvt&ci*-
t io n  of a given polym eric species between the p re o ip ita te d  swollen phase^
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where v and v are the volume fra c tio n s  of the polymer, o f degree of
X  X
po lym erisation  x, in  the concentrated and d ilu te  s o lu tio n  phases re s p e c tiv e ly  
The value o f i s  dependent on the nature o f the polymer and solvent®
The term is  g e n e ra lly  g rea ter than u n ity , so th a t the con­
ce n tra tio n  o f each polymeric species is  g rea te r in  the p re c ip ita te d  phase
i
than th a t  in  the so lu tio n  phase# Since the r a t io  is  p ro p o rtio n a l
Xto e fo r  a given value o f <r 9 then i t  fo llo w s th a t the r a t io  o f the con**
oentrations of high to  low m olecular weight polymer molecules is  much
grea ter in  the px 'eo ip itated phase, than in  the d ilu te  so lu tio n  phase®
Henoe i f  the volume r a t io  o f the d ilu te  to the p re c ip ita te d  phase is  kept
la rg e  most o f the low m olecular weight species w i l l  remain in  so lu tio n ,
re s u ltin g  in  a b e tte r  separation o f high and low m olecular weight m aterial®
Sohulz, in  h is  d e riv a tio n , only allowed fo r  the heats of so lu tio n  of the
polymer molecules in  the two phases# Schulz fu r th e r  assumed th a t th is
d iffe ren c e  in  heat content should increase in  proportion  to the m olecular
weight; thus the la rg e r  molecules should be p r e fe r e n t ia l ly  d is tr ib u te d
in  favour o f the p re c ip ita te d  phase, where th e ir  heat of mixing w ith  th is
medium w i l l  neoessarily  be lower# However, he neglected the entropy
(33 )changes in  h is  derivation# F lo ry  v ' and Huggins ' ,  independently of 
eaoh o th er, proposed a " la t t ic e ” theory to enable the entropy of mixing
takes the form of
V *  -
era css*
o f a polymer and a so lvent to  be expressed in  terms o f th e ir  concentrations; 
from th is  the heat and fre e  energy o f mixing could also be evaluated in  
the usual way® An o u tlin e  of the Flory-Huggins treatm ent o f polymer 
so lu tions is  given as fo llo w s  *
o 0 • 0 0 . o ° o 0
• 0 0 0 • 0 ol • 0 •
o • 0 0 0 0 o 1 ono o
o 0 • 0 0 • 0 • o o
o o o 0 0 0 0 o o •
o o 0 • o o o 0 o o
• 0 o 0 0 o • O o o
o o •_ o 0 0 o 0 « o
O ’ • o o • o ° o o •
0 0 0 « o ° 0 • o o
i
F ig * 8 .1 a  D is tr ib u tio n  o f monomerio 
molecules in  a b in a ry  so lu tio n  in  
a la t t i c e *
Fig® 8.1b D is tr ib u tio n  of polym eric  
molecules in  a b in ary  so lu tio n  in  
a l a t t i c e «
F ig , 8 .1 a  represents the random d is tr ib u tio n  o f monomeric molecules 
in  a b in ary  so lu tio n  in  a la t t ic e ©  I t  is  assumed here th a t there  is  fre e  
and independent exohange of s ite s  between the so lu te  molecules ( f i l l e d  
c ir c le s )  w ith  the so lvent molecules (open c ir c le s )  in  the h y p o th e tic a l
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th ree-d im ensional la t t ic e #  Furthermore i t  is  assumed th a t the s izes  
of the solute and solvent molecules are v i r t u a l ly  the same# Since th ere  
is  a g rea ter degree o f randomness fo r  the molecules in  so lu tion , the  
entropy of such a qystem is  g re a te r than th a t o f the pure components0 
Follow ing the Boltzmann r e la t io n  th a t the entropy o f mixing is  given by
— l c I n # o o . o ( 8 . 2 )
where A  is  the entropy o f m ixing, JX- is  the number- of combinations 
o f solute and solvent molecules which could be arranged in  the la t t ic e  
and k is  Boltzmann* s constant©
Considering the t o t a l  number o f ways o f arranging nQ solvent
L
molecules and n so lute molecules On the la t t ic e  comprising n^ = nQ *  xi 
c e lls  is  given by
. nl *
# o o o , (8o3)
9 - H q
On s u b s titu tin g  the value o f -&A from equation (8 ,3 )  in  ( 8* 2 ) and w ith  the 
in tro d u c tio n  of S t i r l in g ’ s approximation, In  n! = n In  n -  n fo r  the  
fa c to r ia ls  and on rearrangement one a rr iv e s  a t
= “k (n QlnNo *  nlnN) 0 . . # # (8* 4 )
where N and N are the mole fra c tio n s  of solvent and so lu te , o
In  s p ite  o f the approximations made in  d eriv ing  equation (8„4 ) 
the theory is  a u sefu l g e n e ra lis a tio n  fo r  simple molecules even where
d iffe ren ces  in  shape, and up to tw o -fo ld  d iffe ren ces  in  s ize  occur©
Now in  the case of a polymeric so lu tio n  the polymer molecules may 
be many thousand tim es la rg e r  than the solvent molecules, and the assump­
tio n  o f in te rc h a n g e a b ility  o f solvent and solute molecules cannot ho ld .
The polymer chain is  th e re fo re  d iv ided  in to  x  segments, o f such a size  
th a t they can each rep lace a solvent molecule in  the la t t ic e  f r e e ly  
(F ig 080l b ) © I t  must be emphasised here th a t  the segment o f polymer may 
not necessarily  be the monomer or s tru c tu ra l u n it  of the polymerQ The value  
o f x  w h ile  a measure of the chain le n g th  may not th e re fo re  be num erica lly  
equal to the degree o f polymerisation® The form ation of the s o lu tio n  
may be conceived to occur in  two steps; d is o r ie n ta tio n  of the polymer 
molecules and mixing of the d is o rie n ta te d  polymer w ith  solvent© A fte r
a llow ing  fo r  A  sa iSOr ie n ta t io n  fo r  the P01^ 1, the en troPy of mixing  
d is o rie n ta te d  polymer and solvent may be given by
A  a k (n ^ ln vQ + n In v )  ® . 0 © 0 (8 .5 )
where vq and v are the volume fra c tio n s  o f solvent and solute re s p e c tiv e ly  
end. are expressed according to the la t t ic e  theory by
n0 _ xfe
^0 “  n + xn an ~ “ ^ ''4 ^ x 5 “"0 0
An a s te r is k  is  given to th e  symbol A  to  in d io a te  th a t only con­
f ig u ra t io n a l entropy is  computed by considering the arrangement o f the
polymer and solvent molecules in  the la t t ic e  and no c o n tr ib u tio n  to  the  
entropy is  considered a ris in g  from sp ec ifio  polym er-solvent in teraction s®  
Equation (8 ,5 )  can be m odified  fo r  a heterogeneous polymer, w ith  a 
range of homologous m olecular species to  give
A  SM -  ”k (n  ln v  n . ln v . ) ® 0 * * . (8 *6 )
Here the2Jj- term in d ic a te s  the summation to be c a rr ie d  out fo r  the 
complete range o f polym eric molecules®
In te rm o lec u la r in te ra c tio n s  are la rg e r  in  the l iq u id  and s o lid  
sta tes  owing to  the close p ro x im ity  o f the m olecules. S im ila r ly  the  
close p rox im ity  o f polymer molecules and solvent molecules, when the 
form er are d issolved in  the la t t e r ,  w i l l  give r is e  to  s im ila r  in teraction s©  
Since the pure l iq u id  and the d is o rien te d  polymer are taken as the r e fe r ­
ence s tates  fo r  the so lu tio n  process, we are only in te re s te d  in  th e  
d iffe re n c e  between the polym er-solvent in te ra c t io n  energy in  s o lu tio n  and 
th a t  fo r  the reference states® The dependence o f th is  d iffe re n ce  on the 
so lu tion  concentration , is  expressed as the heat o f mixing of the polymer 
and solvento In  general then, the so lu te -so lve n t in te ra c t io n  energy can 
be considered to o r ig in a te  in  the  replacement of some o f the contacts  
between solvent m olecules, in  th e  pure s ta te , w ith  contacts between the 
solute (polymer segment) and solvent molecules in  solution® Now sinoe, 
according to  the la t t ic e  th eo ry , only one so lvent molecule or a polymer 
segment can be accommodated in  each c e l l ,  th ree  types o f f i r s t  neighbour
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contacts can be made. These are co nventiona lly  o f the [ AA], [BB] and 
[AB] types. A bond fo rm ation  or contact fo r  the AB in te ra c t io n  can be 
represented s to ic h io m e tr ic a lly  as
i  [AA] + i  [BB] s [AB] . . o o .  (8 .7 )
Now, i f  Wjy ,^ Wgg and w ^  are the energies associated w ith  the resp ective  
p a ir  contacts , the energy o f fo rm ation  o f an u n lik e  p a ir  is
A " a b  = WAB "  + WBBJ . . . . • (8 .8 )
For the form ation  o f p^g p a irs  the d iffe re n c e  in  in te ra c t io n  energy,
A h  3 fo r  the form ation  of the system would be m
AHy = ^ WABPAB . . . . .  ( 8. 9 )
I f  we assume th a t the fo rm ation  o f pAB P&irs in  the system depends on the  
volume fra c t io n  of the polymer v , the number o f solvent molecules nQ and 
a p ro b a b ility  fa c to r  z we have
Hj j^ • z , / k w v  o . e o o  (8.10)
Now i f  we genera lise  th a t even the solvent molecules are made up o f
x! segments then equation (8 .1 0 )  becomes
& H^ = z A x*nov o o . . .  (8.10)
or A R, = M'/ n v . . . . .  (8.11)
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where /£  — 2 w x ’/ltT  0 o o o # (8 ,1 2 )
O iixJ
and k is  the Boltzmann constant and T the absolute temperature®
I f  the c o n fig u ra tio n a l en tropy /^  is  assumed to represent 
the t o ta l  entropy change A  SM on mixing the fre e  energy of m ixing, A  &M, 
is  given by the re la t io n s h ip
, A gm = A H ,, -  T . . . . .  (8 .1 3 )
S u b s titu tin g  the  values of A  and A s ^ w from equation ( 8 0l l )  and (8 ,5 )  
in  equation ( 8 013) we have
A  Gk, = kT:/s n v -  T[ «lc(n ln v  + n ln v )]M 0 0  o 0
A  = kT [n^ lnvo + nlnv +J^0n v] . # , , 0 (8 ,1 4 )
For a heterogeneous polymer s o lu tio n  th is  becomes
1
/A  Gv, = kT[n ln v  *  /  . n. ln v . + $  n v] „ , # „ # (8 e15)^  M o 0 ^  i  1 0 o J '
i
«
where v
i
only®
The chemical p o te n tia l o f the species o f size x in  a heterogeneous
polymer, obtained by d if fe r e n t ia t in g  equation (8® 15) w ith  respeot to  n
(where n is  the t o t a l  number o f polymeric species o f s ize x ) is  
X
p. -  fa° bs R T[lnv -  ( x - l )  + v x ( l  -  l /  x ) + ^ x ( l - v ) 2] , * , (8 ,1 6 )x  x x n
• an&/  -f in d ic a te s  the summation fo r  the polym eric molecules
BO 0
Where x isanumber average degree o f po lym erisation and p and p are the 
n x x
chemical p o te n t ia l  o f the polymer molecules in  so lu tio n  and in  the re fe r**  
ence s ta te g Equation (8 .1 6 )  is  used in  d e riv in g  the equation fo r  
fra c tio n a tio n  subsequently®
I f  now we consider eq u ilib riu m  to be a tta in e d  between the p r e c ip i-  
ta t ie r l polymer phase and th e  d i lu te  so lu tion  phase, we have
PQ -  PQ* ( f o r  the so lvent)
p ~ p 8 ( fo r  each polymeric species)®
X  X
The re s u lt  obtained by equating  p and p using equation ( 80l6 )  fo r  ax x
given species x  is  then given in  the form o f
‘v 1
In  5*21 = 0^ 2^  © © © © © (8 .1 7 )■tr
X
where = v ( l  -  l A  ) -  v ( l  -  l A * )X  Xn n
+Xt(l - v)2 - (1 - v-)2]
Equation (8 *1 7 ) is  the m odified  equation ( 8 0l)o
Review of F ra c tio n a tio n  Techniques
The most w id e ly  used method o f fra c t io n a t io n  is  th a t o f f r a c t io n a l  
p rec ip ita tio n ©  When a non-solvent is  added to the polymer so lu tio n  the  
less  mobile high m olecular w eight polymer separates out to  form a swollen  
s o lid  phase, w h ile  the lower m olecular weight m a te r ia l predominates in  
the d ilu te  solution® The p re c ip ita te d  polymer is  red isso lved by ra is in g
—lO ^
the temperature o f the system, which is  then allowed to oool to p re c ip ita te  
out the polymer phase® The heating and cooling cycle is  c a rr ie d  out to  
ensure th a t eq u ilib riu m  is  a tta in e d  between the two phases® On separating  
the p re c ip ita te d  phase from the so lu tio n  phase, by conventional methods, 
fu r th e r  ad d itio n  o f the non-solvent enables the next f ra c t io n  to be obtained  
in  the same way® The process i s  repeated u n t i l  n ea rly  a l l  o f the s ta r t ­
ing m a te ria l is  recovered as a series of small fra c tio n s  o f decreasing  
m olecular weights® U sually  the lowest m olecular weight polymer fra c tio n  
( la s t  f r a c t io n )  is  recovered by c a re fu lly  d is t i l l i n g  o f f  the s o lv e n t-  
p re c ip ita n t m ixture . More homogeneous fra c tio n s  can be obtained by r e -  
fra c tio n a tin g  the fra c tio n s  obtained The homogeneity of the
samples does not improve ex ten s ive ly  a f te r  the second re fra c t io n a tio n  
which also demands a considerable amount o f laborious work and handling  
of extrem ely la rg e  volumes of solvent and non-solvent in  the f i r s t  
fra c t io n a tio n , where la rg e  sized fra c tio n s  are  required® Thus i t  i s  best 
to obta in  a number o f sm all p re lim in a ry  fra c tio n s  and mix two or three o f 
these, w ith in  a narrow range of m olecular w eights, to give a number of 
la rg e r  fractions® The fr a c t io n a l p re c ip ita t io n  method has the advantage 
o f being e a s ily  reproduced and i t  can be c a rr ie d  out w ithout re q u ir in g  a 
g rea t deal of attention©
F ra c tio n a tio n  by p a r t ia l  evaporation of the solvent has also been 
o a rrie d  out ( ^ 7 )   ^ which d i f fe r s  l i t t l e  from the f r a c t io n a l p re c ip ita t io n  
method,, In  th is  oase, a p re c ip ita n t  having a lower vapour pressure than
-105 -
th a t o f the solvent is  added to  th e  polymer so lu tion  u n t i l  the f i r s t  
appearance o f tu r b id ity ,  when fu rth e r  a d d itio n  o f the non-solvent is  
suspended® The tu r b id i ty  is  then c leared  out by adding a few  ml® o f the 
so lvent. The system is  then connected to a moderate vacuum l in e  w ith  
vigorous s t ir r in g  and the vacuum re leased  on the reappearance of a tu rb id ity *  
The p re c ip ita te d  f r a c t io n  is  f in a l l y  separated out and recovered in  the 
usual way® This method is  o f ?„imited a p p lic a tio n , since sometimes i t  i s  
d i f f i c u l t  to f in d  a s u ita b le  solvent non-solvent p a ir  fo r  the polymer 
in  question®
In s tea d  o f p re c ip ita t in g  out the high m olecular weight polymer from  
so lu tio n , a f r a c t io n a l s o lu tio n  method can be used, in  which the polymer 
i s  e q u ilib ra te d  w ith  a m ixture o f solvent and non-solvent whioh is  r ic h e r  
in  non-so lvent© Here the low er m olecular w eight polymer d issolves f i r s t ,  
leav in g  behind the h igher m olecular weight m aterial© On separating the 
two phases the lower m olecular weight polymer is  recovered from the 
so lu tio n ; by e q u ilib ra t in g  again w ith  a fu r th e r  m ixtu re , s l ig h t ly  r ic h e r  
in  so lvent, another f r a c t io n  can be obtained,and so on0 There are, 
however, a number of disadvantages in  th is  method® Since the s o lid  
polymer sw ells considerably in  th e  m ixture o f solvent and non-solvent, 
i t  is  d i f f i c u l t  to  judge whether eq u ilib riu m  has been reached or no t; 
moreover i t  is  also very d i f f i c u l t  to  assess the s ize  o f the fra c t io n  
(amount o f polymer d isso lved) which one is  ob ta in ing* The method is  also  
d i f f i c u l t  to  reproduce and is  only recommended when one is  in te re s te d  in
~lo6~
ob ta in ing  lower m olecular weight polymer fractions©
The ooacervation method o f Dobry f t * ^  is  based on the same 
p r in c ip le  underly ing the f r a c t io n a l  so lu tion  method, w ith  s im ila r  d is ­
advantages, and hence i t  is  not w idely used* F ilm  e x tra c tio n  f t ^ ) ^  
column e x tra c tio n  w ith  d i f fe r e n t  e lu tin g  agents f t 3-*3), and w ith  a tempera­
tu re  g rad ien t along the column f t 3-3-) have also been used, but these methods 
are more su itab le  fo r  preparing m icro-s ized  fractions©  Cragg and Hammer- 
Schlag f t 3*'2), H a ll ft^-3) and Guzman ft^^Ohave also reviewed the theory  
and techniques of fra c tio n a tio n  in  considerable detail©
The fra c t io n a t io n  of c e llu lo s e  t r ia c e ta te  so lu tions , though 
studied  by several workers ft®* *^5 ^0, ^5) 9 has in  most cases given  
anomQlous re s u lts  which are nob c le a r ly  understood* In  the present case 
the fra c tio n a tio n  o f c e llu lo s e  t r ia c e ta te  so lutions was in v e s tig a te d  and 
the v i r t u a l  n o n -fra c t io n a b ility  of the c e llu lo s e  t r ia c e ta te  was es tab lish ed  
in  d if fe re n t  solvents© An explanation of th is  behaviour in  terms o f 
so lve n t-s o lu te  in te ra c t io n  w i l l  be reserved u n t i l  a la t e r  discussion  
on n o n -f ra c t io n a b il ity  (p© 145)*
P re lim in ary  Experiments to E stab lish  F ra o tio n a tio n  Conditions«■ ■ |j, lU'niy-T «■ ■« mi,  ^ y. i • a ■»«. . m. 'wagttfleaw 1■ n—■ » 1 nr
In  the present in v e s tig a tio n  the f r a c t io n a l  p re c ip ita t io n  method 
was used to fra c t io n a te  c e llu lo s e  tr ia c e ta te ,  d isso lved in  a ch loroform - 
acetone m ixtu re , using petroleum ether as a p rec ip itan t®  Before carry in g  
out a complete fra o tio n a tio n , p re lim in ary  experiments were made to  se lec t
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a s u ita b le  technique and a s o lv e n t-p re c ip ita n t combination which would 
y ie ld  amorphous p re c ip ita te s  capable o f being e a s ily  separated o f f 0 
From these experiments i t  was concluded th a t f r a c t io n a l p re c ip ita t io n  
by e ith e r  solvent v a p o riza tio n  or the ad d ition  of p re c ip ita n t to  a 
so lu tio n  o f ce llu lo se  t r ia c e ta te  in  chloroform , ch loroform -a lcohol 
(93 s 7 Vol/Vol.) or chloroform-hexane (72  s 28 V o l./V o l© ) azeotropes 
was not d e s ira b le , since they a i l  gave h igh ly  swollen p re c ip ita te s  which 
were d i f f i c u l t  to separate off©
A v/eighed amount o f c e llu lo s e  tr ia c e ta te  o f M 34-780, (6  hour 
sample p© 53 ) was d isso lved in  chloroform  ("Laboratory Reagent" grade 
chemicals were used throughout th is  set o f experiments) to give an approxi­
mately 1$ so lu tio n ; in  the case of the azeotropes i t  was f i r s t  d issolved  
in  chloroform  and then d ilu te d  w ith  the requ ired  volume o f the second 
oomponent© A known volume of c e llu lo s e  tr ia c e ta te  so lu tio n  was p ip e tte d  
out in to  d if fe r e n t  b o ilin g  tubes, some o f which were f i t t e d  w ith  a side-* 
arm. D if fe re n t  p re c ip ita n ts  were slowly run in to  the so lu tio n  from a 
b u re tte , vdth constant s t i r r in g ,  the tap of which was lu b r ic a te d  w ith  
a th in  f i lm  o f g ly ce ro l since th is  was in so lu b le  in  the various p re c ip i­
tan ts  used. In  a few cases the p re c ip ita n t was added vdth a graduated  
pipette© A l l  subsequent experiments were c a rr ie d  out a t room tempera^ 
tu re  unless otherwise stated® On the f i r s t  appearance o f tu r b id ity  
the volume of the p re c ip ita n t  was noted and taken as the p re c ip ita t io n
value (see p® 92 )« In  the case o f f r a c t io n a l p re c ip ita t io n , a l i t t l e  
more p re c ip ita n t  was added and the b o ilin g -tu b e s  were warmed to 40 -  45°0  
to f a c i l i t a t e  the attainm ent of eq u ilib riu m  between the p re c ip ita te d  
and so lu tion  phases. Only in  a few oases was a c le a r so lu tion  obtained  
on warming and the tubes were then stoppered and l e f t  to stand overn ight*  
The nature o f the p re c ip ita te  was subsequently examined a f te r  about 
16 hours® In  th e  case o f f r a c t io n a l  p re c ip ita t io n  by the solvent 
va p o riza tio n  technique, the i n i t i a l  tu rb id ity  was c leared  by adding one 
or two ml® o f the solvent® The b o ilin g  tubes were then connected to  
a moderate vacuum l in e  and the so lu tio n  v igorously  s t ir r e d , w h ile  a 
stream o f a i r  was drawn over it®  When the tu r b id ity  reappeared, the  
vacuum was broken and the stoppered b o ilin g -tu b e s  were l e f t  overn ight
i
and the nature of the p re c ip ita te  examined a f te r  about 16 hours®
Tables 8*1 and 8®2 summarize the re s u lts  and observations obtained  
from these experiments® j
Nature o f the p re c ip ita te  formed from a S o lu tio n  of 
C ellu lose T r ia c e ta te  in  Chloroform a t Room Temperature
TABLE 8 ,1 »/
Stock solutions 4*2248 g« c e llu lo s e  tr ia c e ta te  in  500 ml0 chloroform®
! Method P re c ip ita n t P re c ip ita t io n  value  
fo r  25 ml® stock 
solution®
(ml®)
T o ta l Volume 
o f p r e c ip i-  
ta n t  added, 
(m l.)
Remarks
F ra o tio n a l
P re c ip ita ­
t io n
Petroleum ether  
60/80 fra c t io n
11® 0 16 .8 Swollen p re -  
o ip ita te ;  
does not 
s e t t le  out
J
B utyl acetate 13 .3 16.0 tt
t
j
Ethanol 26.0 P re o ip ita te  
having the 
same r e fr a c ­
t iv e  index  
as so lu tion
Cyclohexanol - 13*0 11
(Benzene - 10 ,0 11
Toluene - 25*0 11
}
i
Solvent 
Vapori za - 
t io n
B uty l acetate 13*3 - Swollen pre­
o ip ita te ;  
does not 
s e t t le  out
i
i
Iii
1 - -  - .......
Petroleum ether  
3*00/120 fra o t io n
10®5
9 .3
ti
S lig h t tu r ­
b id ity  only
“ 1X0™
TABLE 8 .2
T r ia c e ta te  in  CHImoform-ethanol azeotrope by Solvent V ap o riza tio n  a t  25°C
Stock solutions 0*9921 go c e llu lo s e  tr ia c e ta te  in  100 ml© ch loroform -
ethanol so lu tio n  (93 * 7 vo l© /vo l© )
P re c ip ita n t P re c ip ita t io n  value fo r  
10 ml© of stock so lu tio n  
(m l,)
Remarks
Petroleum e th er  
100/120 fra c t io n r 'c c  \ 5.61
Swollen p re c ip ita te ;  
does not s e tt le  out
B uty l acetate 6 .10  / r  t f\
6.10  ) 6 ,10
it
Amyl acetate 5 .5 0  ) p- re, 
5 .85  ) 5 *
tt
n-Heptane 6.20
.. _  - ........................ . .........................................
tt
The ohloroform  and n-hexane azeotrope (72 s 28 v o l© /v o le) could not 
be used as a so lvent fo r  c e llu lo s e  t r ia c e ta te ,  since the la t t e r  was not 
s u f f ic ie n t ly  so lub le to form a 1$ so lu tio n  neoessary fo r  f ra c t io n a t io n Q
Thinius and Dimter (W )  have reported  the fra c t io n a t io n  of c e llu lo s e  
t r ia c e ta te  from a chloroform  so lu tio n  d ilu te d  w ith  acetone© Thus, in  the  
present in v e s tig a tio n  the nature of the p re c ip ita te s  obtained from a 
chloroform-aoetone m ixture were examined© A chloroform -acetone m ixture
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o f 1 s 3 by volume was found to be u n su itab le , since in  th is  case some 
c e llu lo s e  t r ia c e ta te  was p re c ip ita te d  when the acetone was added to  a 
chloroform  so lu tion  during the p reparation  o f a 1$ solution# Table 8 .3  
shows p re c ip ita n t , the nature o f p re c ip ita te , etc# formed from a so lu tion  
of chloroform -acetone 1 ; 1 by volume m ixture a
TABLE 8 .3
Nature o f Pj^ ^ i j f c a . t a J 'ormed from a S o lu tion  o f
a t room temperature 
Stook so lu tio n ; 0.9930 g« c e llu lo s e  tr ia c e ta te  in  100 ml# ohloroform*
acetone s o lu tio n  ( l  ; 1 Volume)
W , - f . , 1  t.  ........ Jr., ... f M
P re c ip ita n t P re c ip ita t io n  value  
fo r  10 ml# o f stock 
so lu tio n
( m l . )
T o ta l volume o f  
p re c ip ita n t added
( m l, )
Remarks
Petroleum ether 1 .40 3o0 Amorphous p re o i­
100/120 f r a c t io n 1.40 4 .2 p ita te  which 
s e tt le d  out w e ll
Petroleum ether 
60/80 f r a c t io n
l fl60 5o0
Benzene cs» 12# 0 P re c ip ita te  having  
same r e fr a c t iv e  
index as so lu tio n
Chlorobenzene 029 16 .3 11
B utyl acetate exp 10K
6. 5s
_  fjES3 .0
1 .5 * *
Amorphous p re o i­
p i ta te  which sep­
arated  w e ll
it
S lig h t ly  tu rb id  
C lear
l .................... , r i m  1 11 1  uni
ss T u rb id ity  developed a f te r  a time.-.
2552 T u rb id ity  developed on stand ing . A fte r  a week the so lution  contain ing
3 .0  m l. b u ty l acetate  showed a good separation o f an amorphous p re o ip ita te ,  
w h ile  th a t conta in ing 1 .5  m l. only developed a f a in t  tu rb x d ity .
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This in te re s t in g  behaviour observed in  the case o f  b u ty l aceta te  
might be due to the two com petitive in te ra c tio n s  o f c e llu lo se  t r ia c e ta te  
and b u ty l acetate molecules w ith  those of the so lvent, whioh w i l l  be 
discussed la t e r  (p*155)®
As ev iden t from Table 8 .3 *  an amorphous p re c ip ita te  is  formed from a 
so lu tion  o f c e llu lo s e  t r ia c e ta te  in  ohloroform-acetone ( l  s 1 by volume) 
using various petroleum  ether fra c tio n s  as p re c ip ita n t*  The f i n a l  
s e le c tio n  of the p re c ip ita n t was made by considering the nature o f the 
p re c ip ita te  to gether w ith  the shape o f the complete p re c ip ita t io n  
curves The l a t t e r  were obtained using various petroleum ether
fra c tio n s  as the p re c ip ita n t and the method is  described as fo llo w s e 
To a liq u o t po rtio n s  of a 1$ so lu tion  of c e llu lo s e  tr ia c e ta te  
(Sample C.T*-^) in  ohloroform -acetone s o lu tio n , inoreasing  amounts of the
various p re c ip ita n ts  were addeda In  each case the p re c ip ita t io n  value  
was noted and a f t e r  adding s u f f ic ie n t  p re c ip ita n t  the m ixture was s t ir r e d  
fo r  5 - 7  minutes and then warmed and cooled and l e f t  to  stand overnight®  
The p re c ip ita te s  were then separated by c e n tr ifu g in g  o f f  and then s t ir r e d  
up w ith  the same composition o f the m ixture and again cen trifuged  off®
They were c a re fu lly  d rie d  to  a constant w eight a t  110°Co The re s u lts  
are recorded in  Table 8 .4  and shown g ra p h ic a lly  in  F ig *8 . 2©
Cumulative P re c ip ita t io n  Data fo r  C ellu lose T r ia c e ta te  in  Chloroform- 
acetone S o lu tion  ( l  t 1 by volume)
TABLE 8,4- j
P re c ip ita n t P re o ip ita t io n  value  
fo r  2 3  m l. o f 
stock so lu tion
( m l . )
T o ta l volume 
of preoipit*®  
ant added
(m l.)
T o ta l weight 
of C e llu lose  
tr ia o e ta te  
p re c ip ita te d
( s . )
7°
p re c ip ita te d
Petroleum ether  
60 /80  fra c t io n
3*7 5 .0 0 .1 0 2 la
b
26.37
3*8 7*5 0,2192 86.37
3*8^ 10 .0 0.2438b 96.72
Petroleum ether 
80/100 fra c t io n
4-.0 5*0 0. 0470°
c
18.84
3*8 6,05 0,1120 44.91
3*7 7*0 0.2078° 83.54
Petroleum ether
3 .7 8 .0 0,2245° 90. 0 4 -
100/120 fra c tio n 2 .8 5 .0 0 .2294a 59.26
2 .8 6 .0 0.188A 74 .74
2 .8 7*0 0.2443b 96.91
a, 23 ml® so lu tio n  s 0.3892 g» o f c e llu lo s e  tr ia c e ta te
b, 25 ml® so lu tio n  = 0,2521 g© o f c e llu lo s e  t r ia c e ta te
c, 25 ml© so lu tio n  «= 0,24-93 g* o f c e llu lo s e  tr ia c e ta te
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I t  can be seen th a t the curve fo r  petroleum e th er 100/120 fra c t io n  
is  qu ite  steep (Fig© 8e2) in d ic a tin g  th a t v i r t u a l ly  a l l  the c e llu lo s e  t r i ­
ac e ta te  p r e c ip ita te  out w ith in  a sm all ad d ition  o f p rec ip itan t©  This in  
tu rn  shows th a t fra c tio n s  w i l l  considerably overlap each other in  m oleoular 
w eight d is tr ib u t io n , and in  a d d itio n  th e ir  size w i l l  be d i f f i c u l t  to  con­
tro l®  There is  not much d iffe re n c e  between the shapes o f the curves 
fo r  the petroleum ether 60/80 and 8 0 /l0 0  fra c tio n s  although they a re  les s  
steep than th a t fo r  the petroleum e th e r  100/120 frac tion ©  Since the  
60 /80  fra c t io n  gave a s l ig h t ly  more swollen p re c ip ita te  than the 80/100  
f r a c t io n , i t  was decided to use the l a t t e r  as the p re o ip ita n t fo r  
fra c tio n a tin g  c e llu lo s e  triao eta te®
F ra c tio n a ti on Prooedure
The fra c tio n a tio n  apparatus and prooedure adopted was th a t  des­
cribed  by H a ll
20 g© o f c e llu lo s e  tr ia c e ta te  (Sample C©T©^) was d issolved in  1 1® 
of chloroform  and fu r th e r  d ilu te d  w ith  1 1 0 o f acetone® The so lu tio n  was 
therm ostatted a t  25°C fo r  about 16 hours in  the fra c tio n a tio n  f la s k  F 
shown in  Fig*8*.3e The next day 440 “1® petroleum  ether 80/100 fra c t io n  
was added, over a perio d  o f 3 hours, by means of a b u re tte , w h ile  the 
so lu tio n  was constantly  stirred©  A volume o f 440 ml* o f p re c ip ita n t  was 
chosen in  order to p re c ip ita te  about 10 -  15$ o f the s ta r t in g  m a te ria l 
as a f i r s t  frac tion ®  During the ad d itio n  of the p re c ip ita n t a gentle
116
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stream of n itro gen  was c irc u la te d  through the system, as shown in  F ig . 8.3^
At th is  p o in t the f ra c t io n a t io n  f la s k  contained two d is t in c t  phases, the  
p re c ip ita te d  c e llu lo s e  t r ia c e ta te  and the solution® Since th is  f i r s t  
f r a c t io n  appeared to be ra th e r  la rg e ; 200 ml© of 1 s 1 chloroform -acetone  
m ixture was added to the f la s k .  In  order to ensure th a t  eq u ilib riu m  
was reached between the two phases the temperature of the bath was ra is e d  
to 38°C, in  an attempt to  red is s o lv e  the p re c ip ita te , and was kept 
constant fo r  2 hours® Even a f te r  th is  time the p re c ip ita te  d id  not re ­
d isso lve , as g e n era lly  observed in  the case of other polymer so lutions; 
on the contrary  a s lig h t  increase in  the tu r b id ity  appeared to take place  
i f  anything® The tem perature of the bath was lowered to  25°C. and kept 
constant w ith in  -  0.05°C  o vern ig h t. The stream o f n itro g en  was cut o f f  
during th is  period  and s t i r r in g  was also stopped. The p re c ip ita te d  c e l lu ­
lose t r ia c e ta te  s e ttle d  out w ith in  the f i r s t  !■§• hours in  the fra c t io n a t io n  
f la s k ,  and no fu rth e r  change in  the volume of the p re o ip ita te  was observed 
even a f te r  14 hours. The f la s k  was then removed from the bath and since
the p re c ip ita te  s e tt le d  out f ir m ly  (the f la s k  C shown in  F ig . 8 .3  was not useci) 
were
the two phases/separated by centrifuging®  The c le a r  supernatant l iq u id  
was decanted o f f  and again therm ostatted at 25°C in  another id e n t ic a l  
fra c tio n a tio n  apparatus® The p re c ip ita te d  polymer was washed f i r s t  w ith  
acetone and cen trifu ged  o f f ,  fo llow ed by a wash w ith  the p re c ip ita n t . The 
f r a c t io n  was subsequently d rie d  in  an a ir  bath or on a steam bath and then
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in  an e le c tr ic  oven at 110°C to a constant weight ( l  -  A  Fraction)®  On 
adding the p re c ip ita n t to  a p o rtio n  o f the acetone washings from the 1 -  A 
F rac tio n  some c e llu lo s e  tr ia c e ta te  was p re c ip ita te d , and hence a la rge  
volume o f the p re c ip ita n t was added to the rem aining acetone washings to  
recover a l l  the c e llu lo s e  tr ia c e ta te ®  I t  was subsequently washed w ithpre**  
o ip ita n t  and cen trifu g ed  o0P and th is ,  the 1 -  B F ra c tio n , was recovered  
as described before®
A fte r  thermo stabbing the so lu tio n  fo r  2 - 3  hours another f ra c t io n  
was p re c ip ita te d  by adding a s u ita b le  volume o f p re c ip ita n t and the  
fr a c t io n  recovered as described befo re , except th a t th is  and a l l  subsequent 
fra c tio n s  were washed w ith  a m ixture o f the same composition as th a t in  
the fra o tio n a tio n  f la s k , fo llo w ed  by the p re c ip ita n t*  In  a l l ,  s ix  
fra c tio n s  were obtained and the la s t  one (6 -F ra c tio n ) was recovered by 
c a re fu lly  evaporating o f f  the solvent and the p re c ip ita n t*  This f ra c t io n
U
was considerably soluble in  acetone and thus b e lie v e d  to be very  degraded
A
m a te ria l and no fu rth e r  in v e s tig a tio n  was c a rr ie d  out on i t *  The 
fra c t io n a tio n  data  Gto summarised in  Table 8*5©
Experim ental F rac tio n a tio n  Data
F rac tio n Volume of 
p re c ip ita n t added 
(m l* )
V/eight of 
F rac tio n
( s . )
$  o f T o ta l polymer 
p re c ip ita te d
I  -  A 440 1 .76 8©8
I  -  B l .o 6 5*0
2 65 2.52 12 .6
3 102 5 .7 8 28 .9
4 90 5 .05 25*2
5 200 0,68 3 *4
6 t o t a l  evaporation 0©70 3*5
T o ta l 8 7 .4K
K No attem pt was made to recover the dissolved c e llu lo s e  
t r ia c e ta te  in  the washings of the fractions©
Table 8 .6s*sawKjacz9'
Osmotic Pressure Data fo r Ik  Fraction  in
Polymer 
1 Concentration c 
g./lOO ml.
Meniscus le v e l in  
c a p illa ry
D ifference  
in  leve ls  
cm.
Time in  
Secs,
Flow Rate 
ml/min.
x 104
Osmotic 
head h 
cm.Measuring
cm.
Reference
cm.
0.1113 4.750 1.080 3.670 93.46 1.581
4*250 1.082 3.168 116.36 1.270 ft
3.850 1.079 2.781 147.24 1.004
U, u p
3.400 1.079 ! 2.321 177.64 0.832
2,900 1.079 1.821 271.86 0,544
0.2225 6.000 1,016 4.984 73.70 2.005
5.500 1,017 4.483 90.31 1,636 *1 /ft
5.000 1.016 3.984 110.42 1.338
4.350 1.016 3.334 140.48 1,052
3.850 1.010 2.840 189.90 0.778
0, 3338 7,250 1.016 6.234 65.08 2.271
5-900 1.015 4.885 99.78 1.481 9 i ft
5.450 1.014 4.436 116.23 1,271
4.900 1.014 3.886 1 46.68 1,007
4.350 1.014 3.336 24O.22 0,615
Oo 4450 7.000 0,912 : 6.088 86.17 1.714
6.500 0.912 5.568 96.56 1.530
5.900 0.912 4.988 125.20 1.180
5* 400 0.912 4. 488 169.90 0.870
5.000 0.912 4.088 238.94 0,618
0.5563 7.800 0.960 6.840 92.95 1.589
7.150 0.960 6.190 114.00 1.296
6.500 0.960 5.540 160.70 0.919 Z ftQ
6,100 0,960 5.140 230.02 0.728
5.550 0,960 4.590 380.70 0,388
0,8101 5.000 1.024 3.976 58,50 2.526
5.500 1.024 4.576 95.40 1.549 f, AO
5.950 1.024 4.826 124* 60 1 o 1 8 6 D, l\c.
6.450 1.024 5.426 180,00 0.821
Pure solvent 1.801 1,802 -0.001
-- -.............
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0smotic Pressure Data fo r  IB Fraction in  Chloroform a t 25 0
j Polymer 
Concentration c 
g./lOO ml*
Meniscus le v e l in  
c a p illa ry
D ifference  
in  leve ls  
cm*
Time in  
Secs *
Flow Rate 
ml/min. 
x 104
Osmotic 
head h 
cm.
v  i
1 0  1
1
Measuring
cm*
Reference
cm.
0*1534 • 4*300 0.768 3.532 102.02 1*448
4# 000 0.768 3*232 109.28 1.352 n cn c era
3*550 0.767 2.783 141 • 06 1.048
y  1
3.100 0.767 2.333 197.04 0.750
2.750 0.767 1.983 256*64 0.578
0.3068 5.000 0,760 4.240 128.30 1.152
4.550 0,760 3.789 153.67 0.962 1 ftF
4*100 0,762 3-338 176.90 0.835 1 . 0 2 O .  v 2
3.850 0*762 3*088 220.00 0.672
3.500 0,762 2.738 311.20 0*475
0* 4602 5.700 0*717 4.983 133.48 1.107
5.300 0*717 4.583 146.12 1.011
4* 950 0.716 4.234 186.80 0,791 O  n C fs A’**
4.650 0,716 3.934 266*30 0.555
<£« y o 0.  4 2
4.250 0*716 3.534 480.26 0*3077
0.6136 7*750 0,728 7.072 83*72 1*765
7.400 0*726 6.674 96*26 1.535
7.000 0,725 6.275 111.08 1.330 A
6.700 0,723 5.977 132.46 1*116 4*20
O .  C 4 .
6.000 0,723 5.277 220.40 0.670
5.700 0*723 4.977 292.06 0*506
0.7670 8.550 0*714 7*836 108.56 1.361
8.150 0,714 7.436 132.37 1.116 c  ao 7 07
7.700 0,714 6.986 171.90 0.860 2 *  4 ^ -
t *  V  1
7.300 0,714 6.586 237.64 0,648
6,900 0,710 6.190 345.20 0.428
| 1.5340 11.700 0.689 11,011 74.75 1.977
12.050 0.685 11.365 85.56 1.727 4 'A A£> ft 77
12,425 0.682 11.743 100.66 1.468
1 p. 40 O ,  ( /
| 13.000 0.680 12.320 141.50 I.O 44
• 13.200 0.680 12.520 155.36 0.9512
Pure Solvent
i
0*850 0*865 -0*015
Tabje 8,8
Osmotic Pressure Data fo r 2 Fraction  in  Chloroform at 25°C
Polymer 
Concentration c
g./lOO ml.
Meniscus le v e l in  
c a p illa ry  !Difference  
* in  leve ls  
cm*
Time in  
See %.
Plow Rate 
ml/minv
x 10^
Osmotic 
head h 
cm.
V oMeasuring
cm.
Reference
cm.
0*3240 7*000 0*830 6.170 58.84 2.511
6,500 0,825 5.675 69.05 2.140
6.000 0.826 5.174 79.12 1.868 0 47 £  7 A
5.000 0,825 4.175 121.34 1.218 1 (
D, 1 U
4.500 0,824 3.676 151.50 0.975
4.000 0.784 3.216 227.28 0.650
O .486O 10,500 1,023 9.477 37.34 3.957
9.850 1,023 8.727 42.68 3.462 % / n 7  4 £
8.950 1,023 7.827 49.88 2.963 % ( « 1 D
7.950 1.023 6.827 63.17 2.339
6.844 1.023 5.821 105.56 1.400
6.000 1,023 4.977 149.10 0.991
5.830 1.023 4.087 168.86 0.875
0,6480 11.200 0.953 10.247 41.56 3.556
9.900 0.955 8.945 59.88 2.468 A Q 7 7  £4
8. 900 0.955 7.945 76.80 1.924
4* Of ( • 2  1
8.150 0,955 7.195 95.60 1.546
7,150 0.955 6.195 177.40 0.833
0,8099 11.800 0.945 10.855 55.98 2. 64O
11.144 0.945 10.199 76.18 1.940 7
9.550 0.946 8. 6O4 109.70 1.347 D* d>( r # O O
8.449 0. 944 7.505 231.56 0 , 6 3 8
1.6199 7.400 0.936 6.464 21.16 6.983
8.300 0.936 7.364 23.58 6.266 4 £  /7 0 c c
11.200 0.936 10.264 39.66 3.723 1 pe 4* y. y y
12.950 0,936 1 2 . 0 1 4 52.94 2.793
13.200 0.936 12.264 58.56 2.523
Pure solvent 1.104 1.074 +0.030
Osmotic Pressure Data .fo r 5 Fraction  in  Chloroform at 25°0
Polymer
Concentration o
Meniscus le v e l in  
c a p illa ry
D ifference  
a n  levels ,Time in  Sec»*
Flow Rate 
ml/min..
Osmotic 
head h V
g ./io o  ml Measuring
cm.
Reference
cm.
cm. x 104 cm.
0.1477 5.000
4*600.
4.250
3*900
3*550
1.305
1.302
1*299
1*299
1*299
3.695 
3.298 
2*951 
2.601 
2.251
105.10
115.76
138,60
180.18
235.08
1.406
1.277
1.066
0.820
0,629
1.01
0.2954 6.150 
5.750 
5.350 
5.000 
4« 550 
4.150
1.228
1.234
1.240 
1.248
1.240 
1.243
4.822 
4.516 
4.110 
3.752 
3.310 
2. 907
I 95.26 
105.80 
135.18 
147.80 
211.50 
345.76
1,551
1.397
1.093
1.000
0.699
0,427
2,20 7.43
0.4430 7.230 
6. 400 
5.900 
5.650
1.224
1.224 
1.221 
1,218
6,006 
5.176 
4.679 • 
4.432
100.91
174.10
194-10
276.60
1 6 464 
0,849  
0,762 
0,534
3 .54 7 .9 9
0.5908 8.900  
• 8,450  
8.000 
7.600  
7.200
1.224
1.224
1.224
1.224  
1,200
7.676
7.226
6,776
6.376
6.000
94.42 
102.18 
148.28 
174.34 
246.50
1,565 
1.446 
0.997 
0.847 
0.599
4.97 8® 41
1.1816 11.300 
11,650 
1H950  
12.200
1.187
1.188 
1.188 
1,188
10.113
10.462
10,762
11.012
126.74
174.18
220.42
280.06
1.166
0.848
0.670
0,527
11.84 10.02
Pur© Solvent &*2|£X 0® 484- •0 .0 03
—124^
Table 8.10
Osmotic Pressure Data fo r 4 Fraction  in  Chloroform at 25 C
Polymer 
Concentration c 
g ./l0 0  ml*
Meniscus le v e l in  
c a p illa ry Difference  
in  leve ls  
cm.
Time in  
Sec s*
Plow Rate 
ml/min. 
x 10^
Osmotic 
head h 
cm*
j
V1 cMeasuring
cm.
Reference
cm.
0,2778 7.250 1 a 660 5,590 85,50 1*774
6.950 1.650 5,500 85*70 1*724
6.500 1,654 4.846 100.24 1.474
6.000 1.652 4-548 128.57 1.151 2*30 8*28
5. 450 10 648 5.802 .196*82 0,751
5.000 1,648 5.552 275*72 0.556
0*4167 8.750 1.600 7.150 90,88 1,626
8,100 1,600 6,500 95*62 1.545
7.400 1.600 5.800 122.55 1 * 206
6.900 1.600 5.500 172.50 0,857 3.64 8*73
6.200 1.600 4.600 509*70 0*477
0,5556 9.450 1.600 7.850 110*44 1.558
9.000 1.597 7.405 116*75 1*266
8.500 1.597 6.905 154.61 0,956 5*18 9*32
8.000 1.594 6. 406 224.91 0* 657
7.550 1.595 5.957 574.47 0,395
0,6945 11.509 1.525 9.784 89*55 1*650
10.900 1,525 9.577 107*54 1*376 6*74 9*70
10.400 1,519 8.881 128,40 • 1*151
9.900 1.512 8,588 172*60 0.856
9.600 1,519 8,081 216.75 0,682
Pure Solvent 1,785 1,780 40,005
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Table 8.11
Osmotic Pressure Data fo r Cellu lose T riacetate  (C.T. in  Chloroform
Polymer 
Concentration c
g ,/l0 0  ml
Meniscus le v e l in  
c a p illa ry .Difference Time in  
Secs.
Flow Rate 
ml/min 
x 104
Osmotic 
head h 
cm.
h/ cMeasuring
cm.
Reference
cm.
in  leve ls  
cm,
0.2799 7.000 1.659 5.341 59.52 2.483
6.700 1.656 5.044 65.56 2,254
6.000 1.657 4.343 84.86 1.741
5.550 1.655 3.895 102.42 1.443 1 A^
5.000 1.656 3.344 137.16 1,077 i »4P P. 1 1
4.O5O 1.656 2.394 265.52 0,550
0.4199 7.900 1.895 6.005 74.30 1,989
7.050 1.893 5.157 87.34 1.692 9  -17 jr  A rt
6. 4OO 1.895 4.505 110.80 1.334 1 1 P* \ (
5.750 1.894 3.856 167.56 0,882
5.050 1.895 3.155 292.62 0.505
0.5599 8. 900 1.940 6,960 74.50 1.984
8,050 1.938 6.112 91.60 1.613
7.300 1.938 5.352 119.96 1.232 OCT CT Q A
6,500 1.928 4*572 203.90 0,725 p® <-P P«oU
6.000 1.925 4.075 347.30 0,425
0.6998 9.700 1.930 7.770 60,45 2.444
9.350 1.927 7.423 67,40 2,192
8.300 1.936 6.354 125.58 1,177 4«367.900 1.928 5*972 143. 42 1*030 O, 23
7,100 1.926 5*171 280,76 0*526
1.3997 10.950 1.919 9.031 111.84 1,321
10,550 1,920 8,630 88.88 1,663 A A  Arz ri jiir I
11.500 1,919 9.581 202.76 0.729 10 ,4 3 1 b 4q
12,000 1,926 10.074 337,50 O .44O
Pure Solvent
-L-
2.069 2,040 -0 .029
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TABLE 8.12
Evalu a tio n  of A .from Osmotic Pressure Data fo r
. arnw ii iw j w . ' O o xo M  m  r m - r - m  •» 1
Chloroform  S olutions
1
Sample
■
L im itin g  Reduced 
osmotio head 
om.
Slope
-
M
a X
0 . t . 2 4. 49 2 .17 38,240 0 .38
I-A  Fraotio* 5 .5  6 2.83 30,881 0 .3 4
IB 5 .4 9 2.12 31,275 0 .38
2 6.07 2 .16 28,286 0 .38
3 6 .5 4 3 .0 1 26 ,254 0 .3 4
4 7 .2 4 3 .56 23,617 0.30
CoTo-j^ 6 .2 4 .2 2  27,000 0.27
^13 4°
The osmotic pressure data fo r  the d if fe r e n t  fra c tio n s , to gether  
w ith  the u n frac tio n a ted  sample CoT o;l and t o t a l ly  p re c ip ita te d  sample C0T®2, 
were obtained by the ra p id  dynamic method p rev io u s ly  described on p . 29.
The data are shown in  Table 3*1  and Tables 8®6 -  8 ,1 1  and also g ra p h ic a lly  
in  P igs, 3*5 and 8 *4  -  8.10® The molecular weight of each sample was 
ca lcu la te d  as described on p 0 32 and the re s u lts  are summarised in  
Table 8 ,1 2 .
P ir s t  F rac tion  P re c ip ita t io n  from A cetic ac id  and Tetrachloroethane  
S olu tion s
Since the n o n -fra c t io n a b ility  o f c e llu lo se  tr ia c e ta te  was observed 
in  the present system studied (ohloroform -acetone/petroleum  e th e r ) , an 
attem pt was made to examine the p o s s ib i l i ty  of fra c tio n a tio n  talcing plaoe  
when acetic  acid  and te trach lo roethan e  were used as fra c tio n a tin g  so lvents .
Prom a 1$ so lu tion  of c e llu lo se  t r ia c e ta te  (C0T«>2 ) in  ac e tic  acid  
and in  te tra ch lo ro e th an e , a small f ra c t io n  was p re c ip ita te d  out by drop- 
wise ad d itio n  o f petroleum e th e r 100/120 f r a c t io n  w ith  constant s t i r r in g .  
The m ixture was warmed and then l e f t  to  stand fo r  16 hours a t room 
tem perature. On the  fo llo w in g  day, the two phases were separated by 
c e n tr ifu g in g . The fra c tio n s  were then red isso lved  in  the corresponding 
solvents; in  the case of a c e tic  acid the temperature was ra ised  to  about 
100°C to hasten the d is s o lu tio n  and a to ta l  re p re c ip ita t io n  o f these 
fra c tio n s  were c a rr ie d  out to  minimise contam ination from lower m olecular 
weight m a te ria l ( ta i l )®  F rac tion s  from both the solvents were f in a l ly
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recoverad in  the usual manner© The l im it in g  v is c o s ity  number (LoV,N0) 
o f each fra c tio n  was compared w ith  th a t fo r  the t o t a l ly  p re c ip ita te d  
ce llu lo se  t r ia c e ta te  sample C0To2 from chloroform  so lu tio n , and the 
re s u lts  are shown in  Table 8©13* and g ra p h ic a lly  in  F ig ©8©11©
TABLE 8*13
from D iffe re n t Solvents in  Chloroform a t  25°C
1
Amount by weight 
p re c ip ita te d
Concentration o 
go/100 ml.
E ff lu x  time 
in  sees.
B -fn 0
1
V isco s ity  No®
'n -n  /r i 0 0 0
35$ from tea 76 .74 ter*
Te t r  ao h i or o ethane 1,0328 149.40 0,9468 0.916
0.5114 109.00 0.4204 0.822
0*3442 97.34 0.2684 0.780
0,1943 91.65 0.2582 0.752
0,2066 88.71 0.1560 0.755'
L .V .N . a 0 .720
25$ from
Acetic acid 80.30 - -
0*7352 160.49 0.9986 1.358
0.3676 117.50 0.4633 1.260
0.2450 102.69 0.2788 1.138
0,1838 96.74 0.2047 1 .1 1 4
0.1470 93.29 O.1618 1.100  
L .V .N , = 1 .050
The m olecular weights of the two p re c ip ita te d  fra c tio n s  were c a l­
cu lated  as p rev iou s ly  shovm on p* 19 and th e ir  values are compared w ith
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the t o t a l ly  p re c ip ita te d  c e llu lo s e  t r ia c e ta te  as fo llo w s s
M f i r s t  f r a c t io n  from Tetraohloroethane a 37*200
n
cc*
M f i r s t  f r a c t io n  from A cetic  acid  » 50,700
n
M t o t a l l y  p re o ip ita te d  fra c t io n  from  
n chloroform  a 37^200
(LoVoNe = 0©720; p© 6 lf.)
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DISCUSSION OP FRACTIONATION RESULTS
I t  is  ev ident from Table 8,12 th a t very l i t t l e  fra c tio n a tio n  w ith  
respect to m olecular weight is  tak ing  place in  the present system© In  
the l i t e r a tu r e  a la rge  volume of work has, however, been reported describ ing  
the fra o tio n a tio n  of secondary c e llu lo s e  ace ta te , oompared w ith  th a t fo r
o \
ce llu lo se  tr ia c e ta te ©  Laoh e t a l B reported th a t the second fra c t io n ,
of the fo u r ce llu lo s e  tr ia c e ta te  fra c tio n s  obtained, contained the highest
molecular weight material® They ace ty la ted  various types o f ce llu lo se
(117)obtained from both wood-pulp and cotton lin te rs ©  Levi and G.dera 
showed th a t c e llu lo s e  d ia ce ta te  could be successfuly fra c tio n a te d  using  
a  chromotographio separation method; however, although the c e llu lo s e  
tr ia c e ta te  absorption was o f the same order o f magnitude as th a t of 
d ia c e ta te , no fra c tio n a tio n  took place© Levi and ’ G-i^era explained th is  
on the assumption th a t the s ta r tin g  m a te ria l, c e llu lo s e , was composed o f 
molecules e s s e n tia lly  of the same degree of po lym erization , and th a t a 
wider d is tr ib u t io n  o f D©P. was brought about during the hydrolysing or 
saponifying stage fo r  conversion o f ce llu lo se  tr ia c e ta te  to  ce llu lo se  
diacetate© Since c e llu lo s e  has been shown to consist o f molecules of 
varying D©P0 by Coppiclc e t  al® then, assuming the degradation to take
place according to a mechanism such as thab proposed in  the present work 
(p© 8 2 ) ,  i t  seems h ig h ly  improbable th a t scissioning o f each c e llu lo s e  
chain molecule would occur in  such a way as to  give p r a c t ic a lly  the same 
value© L a te r, Levi e t al©^^*"^ reported th a t they were able to
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fra c tio n a te  c e llu lo s e  tr ia c e ta te  from g la c ia l ac e tic  acid s o lu tio n , using 
benzene as a p re c ip ita n t . The apparent discordance w ith  th e ir  e a r l ie r  
explanation they explained by suggesting th a t degradation was ta k in g  place  
during the fra c t io n a l p re c ip ita t io n  process and during drying o f the 
frac tio n s#  From the re s u lts  o f the present study i t  is  b e lie v e d  th a t de­
gradation does not take place during fra c tio n a tio n , but th a t there is  a 
p o s s ib il i ty  (from  th e o re t ic a l grounds discussed la t e r )  th a t some fra c tio n a ­
t io n  o f c e llu lo s e  t r ia c e ta te  can take place from ac e tic  acid  solution®
(25)Bezzi and C roatto  '  7 also repo rted  th a t there is  no c le a r ly  defined
re la tio n s h ip  between D®P® and the s o lu b il i ty  o f c e llu le s  e t r ia c e ta te ,  since
(1 9 )the l a t t e r  also depends on other factors# Thin ius and B im terv 7 and
Kido and Sust&ki^2^  have reported  the fra c tio n a tio n  o f  c e llu lo s e  t r ia c e ta te
from c e rta in  mixed solvents© Since these authors have used S tau d ig er’ s
equation ( l A ) ,  th e ir  re s u lts  should be in te rp re te d  w ith  caution# I t  is
(13 )in te re s t in g  to note th a t F o rt e t al© v 7 successfu lly  re ao e ty la te d  a series  
of ce llu lo se  d iace ta te  fra c tio n s  (obtained by f r a c t io n a l p rec ip ita tio n ) but 
they do not exp la in  why such an unusual method was adopted to  prepare 
d if fe re n t  m olecular weight c e llu lo s e  tr ia c e ta te  frac tio n s#  Langhammer^2^  
reported  th a t c e llu lo s e  t r ia c e ta te  in  ethylene ch lo ride  could not be 
fra c tio n a te d  a t a l l ,  but he reported  th a t a thermo d iffu s io n  method o ffe re d  
b e tte r  prospects# M ttn s ter^2”^  has drawn a tte n tio n  to  the reverse order 
p re c ip ita t io n  obtained in  the case o f ce llu lo se  tr ia c e ta te  in  te tra c h lo ro -  
ethane®
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To understand the v ir tu a l  n o n -fra c t io n a b ility  o f c e llu lo s e  t r i ­
acetate from i t s  d if fe r e n t  so lu tions , le t  us f i r s t  examine the various  
fra o tio n a tio n  conditions which are necessary to give the maximum fra o tio n a ­
t io n  effic iency©  According to F lo x y ^ ^ 1*) the fra c t io n a l amount f  , o f 
the polymer chains consisting  o f x segments, which remains in  the more 
d ilu te  phase w i l l  be given by i
fx = VV K  + v'vV  3 + RvV vxI • " • (5.1)
where R -  V*/V$ V f and V are the volumes o f p re c ip ita te  and d ilu te  
so lu tio n  re s p e c tiv e ly ! v f and v are the volume fra c tio n s  of polymer ofX  X
segment number x , in  the p re c ip ita te d  phase and d i lu te  so lu tio n  phase 
respectively©
S u b s titu tin g  the value o f from equation (8©1) in  equation
( 9 * l )  we have s
f  = l / l  ■»' R e ® *x . . . (9 .2 )
X
Since the fra c t io n a l amount, f * , o f segment number x occurring in  thex
p re c ip ita te d  phase is  simply 1 -  f  , then i t  fo llow s from equation (9 .2 )  
th a t s
■n
f . = ■■■ ' -  . . . ( 9 .3 )
x 1 *  Re ^
On adding p re c ip ita n t to  a so lu tion  of a heterogeneous polymer in  
a given solvent o r by cooling the so lu tio n , the value of the in te ra c t io n
-1«L
/ T po\
p a ra m e te r^ , increases ( X  v a rie s  in v e rs e ly  w ith  tem perature ' ) and
even tu a lly  a swollen p re o ip ita te d  phase appears in  the system® F lo ry
has shown th a t the parameters R and 0"" are dependent on the value o f %  f 
He also p red icted  th a t the fra c tio n a tio n  e ff ic ie n c y  should be g rea te r  
fo r  sm aller values o f R, th a t is ,  using more d i lu te  so lu tions fo r  fra c tio n a ­
t io n ; i t  should also be g re a te r fo r  lower m olecular weight m aterial®
S im ila r  conclusions were also reached from Schulz and B r/n s ted 's  treatm ent 
(p® 96)0 Morey and Tam blyn^*^^, however, reported th a t the fra c t io n a t io n  
e ff ic ie n c y  is  g re a te r when more concentrated so lu tions are used fo r  
frac tion atio n®
I f  now we examine the im p lic a tio n s  o f equation (8 ,1 7 ) ,  i t  is  
evident th a t fo r  la rg e r  values o f the volume fra c t io n  r a t io  w i l l  be 
la rg e r  and hence the more e f f ic ie n t  the separation  o f a given fraction®
Now has been shown to be a complex function  o f ^ ,  but i t s  ac tu a l 
numerical value is  o f l i t t l e  importance here since S c o t t ^ * ^  has shown 
th a t <V^is an asymptotic fu n c tio n  o f (S c o tt 's  A and |i terms are eq u iva- 
le n t to  d^and ^  re s p e c tiv e ly  in  the present work)© Thus fo r  a s l ig h t ly  
lower value o f ^ , the 0 *  term may be decreased appreciab ly and hence the  
fra c tio n a tio n  e f f ic ie n c y  would be much less; conversely, a b e tte r  fra c ­
t io n a tio n  would be obtained fo r  higher values o f ^  ©
S p u r l in ^ ^ ,  from a consideration  o f B r/nsted and Lew is's acid-base  
theory, c la s s if ie d  chemical groups in  order o f increas ing  s o lva tin g  a b i l i t y ,  
and showed th a t they could be d iv ided broadly in to  two classes©
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TABLE 9 .1
Chemical Groups in  Order o f Increasing A c t iv ity
A cid ic or e le c tro n  acceptor 
groups
Basic or e lec tro n  donor 
groups
=CHC1 - ch2- o- ch2~
- c h c i2 - ch2~o- co~ch2-
- chno2 - ch2- co«ch2
=chno2 EH o
-P
=CHCN - conh ;
* W H -CON(CH ) 2
-COOH - C6H4M 2
- so2oh - ch2nh2 I
- -  . . . -  _ _ _ _ _ _ _ _ J
S p u rlin  suggested th a t a c id ic  groups oould be so lvated by any group 
c la s s if ie d  as basic and v ic e  versa; thus S p u rlin  c la s s if ie d  the es te r  
group as a basic one since the carbonyl group can donate electrons#  
Follow ing th is  approach, c e llu lo s e  t r ia c e ta te  is  c la s s if ie d  as a base and 
thus i t  could be solvated by a c id ic  compounds l ik e  chloroform , te tra c h lo ro — 
ethane and a c e tic  a c id . Moreover, i t  is  w e ll known th a t chloroform  forms 
azeotropes w ith  such solvents as acetone, meikyl acetate and methanol, and 
th is  strong acid-base in te ra c t io n  has been shown to be due to the form ation
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o f hydrogen bonds.
The hydrogen atom is  unique in  th is  respect, owing to the fa c t  
th a t when i t s  e le c tro n  becomes detached, only the nucleus having a very  
sm all diam eter is  l e f t ,  and thus an atom o f hydrogen may be attached to  two 
e le c tro n  donor atoms instead  o f only one, so th a t i t  can be considered to  
aot as a bond or bridge between them* A hydrogen bond is  only formed 
w ith  e lec tro n eg ative  atoms such as f lu o r in e , oxygen and n itrogen! i t s  
tendency fo r  form ation increases in  the order o f H - C £ * H - N * C H -  0 -  F®
The chemical and physica l p ro p erties  of compounds are d is t in c t ly  changed 
when e ith e r  in t e r -  or in tram o lecu lar hydrogen bonding occurs. The un­
u s u a lly  high b o ilin g  po in t o f water is  a ttr ib u te d  to  in te rm o lecu lar hydrogen 
bond form ation w h ile  the s o lu b i l i t ie s  o f ortho-*-substituted aromatic p o la r  
compounds in  non-polar solvents are o ften  g re a te r than th e ir  meta and 
para isomers. In  the same way s a l ic y l ic  acid is  known to be a much 
stronger ac id  than i t s  meta and para isomers. When a hydrogen bond is  
formed heat is  evolved ( ~ A  H on thermodynamic convention) and th is  is  o f 
the order o f 2 « 6 k c a l . /m o le .^ ^  •
Analogous to the form ation o f a hydrogen bonded complex between 
chloroform  and acetone or chloroform  and meihyl acetate  molecules i t  is  
proposed th a t chloroform  also forms a hydrogen bonded complex w ith  c e llu lo s e  
tr ia c e ta te  in  so lu tio n  which is  represented by ;
R - 0 - C = : 0  + H -  C -  Cl „ R - 0 - C  = 0 . . .  H -  CCl*
» i
CH_ CH,
5 3
O 0 Q (9«4)
.
-144“
where R is  a p a rt of the s tru c tu ra l u n it  o f the c e llu lo s e  tr ia c e ta te  chain* 
C l e m e n t f r o m  in fra -re d  absorption data, has shown conclusively  
th a t each acetate  group in  the c e llu lo s e  t r ia c e ta te  chain is  attached to  a 
solvent m olecule, due to  s o lv a tio n , when the polymer is  dissolved in  ch loro­
form, te trach lo ro eth an e , or methylene c h lo rid e ; these l a t t e r  are known to
(39)be a c id ic  solvents© Hagger and van der Wyk' also showed from osmotio 
pressure measurements th a t a number o f te trach loroethane so lvent molecules 
were attached to  the c e llu lo s e  t r ia c e ta te  molecules©
U nlike c e llu lo s e  d iace ta te  or c e llu lo s e  n i t r a te ,  the d iss o lu tio n  o f 
c e llu lo s e  t r ia c e ta te  in  d if fe re n t  solvents takes place q u ick ly  and w ithout 
appreciable swelling© This is  a ttr ib u te d  to the extensive form ation o f  
hydrogen bonds between polymer and solvent molecules® In  th is  case the  
dispersion energy requ ired  to  p u ll  apart the long chain polymer molecules, 
is  la rg e ly  supplied by the energy lib e ra te d  from extensive hydrogen bond 
formation© Th is , in  tu rn , lowers the heat o f mixing o f the system
to a very sm all value®
( 122)Huggins' '  has discussed the fac to rs  which are be lieved  to a f fe c t  
the so lu te -so lve n t in te ra c t io n  parameter * These are the heat o f 
mixing o f polymer and so lven t, f l e x i b i l i t y  o f the polymer chain , and mole** 
c u la r weight o f the polymer© S im ila r ly  G e e ^ * ^  has considered the heat 
o f mixing in  terms o f the r e la t iv e  cohesive energy d en s ities  o f the polymer 
and solvent and t r ie d  to  c o rre la te  these w ith  the degree o f sw e llin g  o f
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rubber in  various so lvents . I t  is  g en era lly  accepted th a t is  made up 
of two parts  so th a t
X  - %  +k h • • • (9.5)
H e re X  an a d d it io n a l entropy o f m ixing c o n trib u tio n  to  the system due 
to  the s p e c ific  polym er-solvent in te ra c t io n , which is  n e a rly  the same fo r  
a l l  po lym eis(0.2 -  0#3)p w h ile  ^s corresponding heat o f mixing
contribu tion# Equation (9»5) in d ica tes  th at the heat o f m ixing plays a 
predominant ro le  in  determ ining the value o f X  9 since X  remains practi~> 
o a lly  constant# As a lready pointed ©ut i f  the heat o f m ixing &  is  
very sm all or even negative in  the present system, the value o f }£  should 
be sm all and hence the value o f i f  becomes appreciably sm aller# The re la ­
t iv e ly  low mean value o f 0*34 fo r  X . p from osmotic pressure s tud ies , is  
evaluated and discussed la t e r  and provides th e o re t ic a l confirm ation  o f  
the poor f r a c t io n a b i l i t y  in  this solvent# The reported value o f /(^ 
fo r  c e llu lo s e  tr ia c e ta te /te tra c h lo ro e th a n e  a t 24*4°C is  0#29 which is  in  
keeping w ith  the n o n -fra c t io n a b il ity  observed fo r  c e llu lo s e  t r ia c e ta te  in  
te trach loroethane so lution# Comparatively b e tte r  f r a c t io n a b i l i t y  was 
observed when c e llu lo s e  t r ia c e ta te  was fra c tio n a te d  from a c e tic  acid  
s o lu tio n  than from te trach lo roethan e and chloroform -acetone solutions#
This again can be explained by the proposed s o lu te -s o lv e n t in te ra c t io n  
hypothesis as follows#
A cetic  aoid and other carboxy lic  acids are known to  be la rg e ly  in  
the form o f dimers, due to  in te rm o lec u la r hydrogen bonding, and when
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ce llu lo s e  tr ia c e ta te  is  dissolved in  ac e tic  ac id  there w i l l  be a r e s t r ic ­
t io n  in  the number o f hydrogen bonds formed between polymer and solvent 
molecules© This means th a t the to ta l  heat evolved due to hydrogen bond 
form ation w i l l  be sm aller fo r  a given polymer molecule than in  the case o f 
chloroform and te trach lo ro eth an e , so th a t the to ta l  heat o f mixing  
should be la rg e r  (more p o s it iv e ) in  the case o f ac e tic  acid© I t  fo llow s  
from equation (9 *5 ) th a t th is  should increase the value o f ^  fo r  the 
system and hence improve the fra c tio n a b ility ©  This also explains why 
the p re c ip ita te d  c e llu lo s e  t r ia c e ta te  was re -d isso lved  by hot ac e tic  ac id  
( v *  100°C)o At h igher temperature more o f the dimer w i l l  d is s o c ia te , 
w hile  a t the same time there w i l l  be less so lu te -so lven t in te ra c t io n , due 
to  less extensive hydrogen bond formation© The polymer molecules ' w i l l ,  
however, be more d iso rien ted  in  so lu tio n  and i t  is  be lieved  th a t as a re — 
s u it  o f an increase in  d is o r ie n ta tio n  or entropy of m ixing o f the polymer 
molecules, together w ith  the increased a v a i la b i l i t y  o f a c e tic  acid molecules
w
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fo r  hydrogen bonding th$s enable? the p re c ip ita te d  c e llu lo s e  t r ia c e ta te  
to  red isso lve  a t a h igher temperature©
E valuation  and Discussion o f %  fo r  C ellu lose Triaceta te /C h loro form  System 
Prom the P lory-H uggins1 equation (3 *5 ) or i t s  m odified form given  
in  equation (3*8)?  one would expect th a t the ^  Value fo r  a given polymer** 
solvent system should remain constant over the complete m olecular weight 
range of the polymer© The value o f can be obtained by means o f osmotic
pressure measurements, from the s tra ig h t l in e  obtained by p lo tt in g  tt/ g 
versus o, X  is  re la te d  to the slope as fo llow s t
slope -  - S e^ L - . ( i - X )  . . . (9 .6 )
Mod
[1 .2 9  K ./m l(126A)]
Knowing the slope, d en s ities  o f polymer /and solvent and the molecular
weight o f the solvent X  can ca lcu la te d  fo r  a given tem perature.
The so lu te -so lve n t in te ra c t io n  parameter, X *  f ° r  o e llu lo s e  t r ia c e t a t e /
chloroform system was ca lcu la te d  in  th is  way and the values are recorded in
Table 8*12® The value o f X  is  seen to  vary between 0 ,27  “ 0,38*
Bartovios and M a r l / ^ ^  have also rep o rted  th a t the slope o f tt/ g vs.c
p lo t fo r  various c e llu lo s e  d iao e ta te  fra c tio n s  in  acetone also v a rie s ,
u
They were not c e rta in  whether th is  v a r ia t io n  of slope was complete^beyond 
the experim ental e rro r  involved and a t  th is  stage o f the in v e s tig a tio n  i t  is  
d i f f i c u l t  to  comment on the spread of ^  values observed. Since the 
value fo r  c e llu lo s e /te tra c h lo ro e th a n e  system at 24©40C is  0,29, which is  
close to the mean value o f 0 ,3 4  found in  the present case, one would expect 
a very close analogy between the p ro p erties  o f these two systems. Thus 
both are thermodynamically good solvents fo r  c e llu lo s e  tr ia c e ta te  and 
higher s o lu b il i t ie s  of the l a t t e r  are observed in  these solvents®
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DISCUSSION OF SOLUBILITY AND SOLVENT POWER DATA 
Data
The s o lu b il i ty  o f a polymer in  a given solvent depends on the average 
m olecular weight of the polymer and i t s  degree of substitu tion# F ra c tio n a l 
t io n  of the polymer by fra c t io n a l p re c ip ita t io n  or f ra c t io n a l so lu tio n  
methods is  based on the dependence of s o lu b il i ty  on average m olecular 
weight# S o lu b il ity  dependence on the degree o f s u b s titu tio n  is  w e ll 
i l lu s t r a te d  by the behaviour o f ce llu lo se  and i t s  deriva tives#  C ellu lose  
i t s e l f  is  only soluble in  reagents such as Schw eitzer’ s Reagent or zino 
ch lo ride  which are s u f f ic ie n t ly  basic enough to form hydrogen bond complexes 
w ith  the hydroxyl groups of the ce llu lose# I t s  in s o lu b i l i ty  in  common 
solvents is  a ttr ib u te d  to the c ry s ta ll in e  nature of the c e llu lo s e  molecules 
(o ry s ta ll i te s )#  Far hydrolysed c e llu lo s e  acetate (18 -  26 A«0H$) is ,
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(21)however, w ater so lub lev # In  th is  oase the o r ig in a l in h eren t c ry s ta l!!* *  
n i ty  o f the ce llu lo se  is  almost destroyed and the su b stitu ted  es te r groups 
keep the molecules f a r  a p a rt, w hile  the hydroxyl groups are s u f f ic ie n t ly  
solvated to a llow  i t  to  d issolve in  water# On fu rth e r  increas ing  the 
combined ac e tic  acid content o f the c e llu lo s e  aceta te , i t s  s o lu b il i ty  
decreases in  water since the number o f hydroxyl groups decreases and es& 
a t a stage corresponding roughly w ith  the d iace ta te  (44  59 Ac0E$), i t  is
only soluble in  solvents such as acetone, methyl aceta te  and phenol© At 
th is  stage i t  is  b e liev e d  th a t these molecules &©w show the ch aracter­
is t ic s  o f both a c id ic  and basic compounds (am photeric) and hence they w iH
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dissolve in  both a c id ic  and basic solvents© F u rth er su b s titu tio n  in  the 
chain so as to give a h igher ace tic  acid content re s u lts  in  a lower 
s o lu b il i ty  in  acetone, w hile i t s  s o lu b il i ty  in  a c id ic  solvents l ik e  
chloroform increases© As already shown, ce llu lo s e  tr ia c e ta te  behaves 
as a base and th is  w i l l  only dissolve in  ac id ic  so lvents, w hile  being  
in so lu b le  in  basic solvents such as ketones and esters©
The re s u lts  shown in  Table 6„1 (p 0 91 ) confirm  th is  view since 
the c e llu lo s e  tr ia c e ta te  is  appreciably soluble in  oh loroform ^tetra­
chloroethane and in so lu b le  in  acetone© I t s  s o lu b il i ty  in  the d if fe re n t  
solvents is  in  the order o f te tra ch lo ro eth an e;>  chloroform  acetic  
aoid^?£. bromoform, n itrobenzene, ethanol, dioxane, p y rid in e  and acetone© 
Bearing in  mind the chemical s tru c tu re s  o f the d if fe re n t  liq u id s  one 
should consider th e ir  ro le  as solvents© As discussed e a r l ie r  (p© 143) 
the C-H bond w i l l  form the weakest hydrogen bond w ith  another e le c tro ­
negative atom© I f ,  however, the e le c tro n e g a tiv ity  of the carbon atom 
in  the C~H bond is  increased by s u b s titu tio n  w ith  s trong ly  e lectron eg ative  
atoms, such as f lu o r in e  or ch lo rin e , the C-H bond vri.ll now be much more 
capable o f forming a hydrogen bond w ith  another e lectron eg ative  atom©
The association  o f  chloroform  w ith  c e rta in  amines, ketones, and esters  
is  the most conclusive evidence of this© The s o lu b il i ty  of ce llu lo se  
t r ia c e ta te  is  highest ( 22©06$ ) in  te trach loroethane and th is  is  a t tr ib u te d  
to each solvent molecule being able to provide two C-H bonds to form  
hydrogen bonds w ith  the c e llu lo s e  t r ia c e ta te ,  w h ile  th a t in  chloroform
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(1 1 .4 4 $ ) is  n early  one h a lf  o f i t s  s o lu b il i ty  in  te tra ch lo ro e th an e . I t  
seems a s ig n if ic a n t fa c t  th a t where chloroform provides only ono C-H bond 
to form a hydrogen bond w ith  the c e llu lo s e  tr ia c e ta te  molecules, i t s  solub­
i l i t y  is  one h a lf  th a t  in  te trach loroethane where each solvent molecule has 
two C-H bonds avaL lab lee The r e la t iv e  in s o lu b i l i ty  o f c e llu lo se  tr ia c e ta te  
in  bromoform can be a t tr ib u te d  to the fa c t  th a t i t s  C-H bond is  much le s s
e f fe c t iv e  ih  forming a hydrogen bond, since the e le c tro n e g a tiv ity  o f the
carbon atom in  the C -H  bond is  increased very l i t t l e  by the bromine 
atomso This is  in  keeping w ith  the order of e le c tro n e g a tiv ity  o f the  
halogens being F ^  Cl)>v B r>  I ,  N e ither iodoform nor fluoroforra can 
be used as a solvent since the former is  a «o3dd at xoom temperature and
the l a t t e r  is  in  the gaseous form®
In  s p ite  o f the 0~H bond being more e ffe c t iv e  in  hydrogen bonding 
than the C-H bond, the c e llu lo s e  t r ia c e ta te  is  much less soluble in  
ace tic  ac id  as observed in  the present case. This can be explained by the  
fa c t  th a t oarboxylic  acids such as form ic ac id , ace tic  ac id , etc®, form  
dimers by in term o lecu lar hydrogen bonding between molecules as fo llow s s
0 o o o H — 0
CI-I, - C C - CTI
3 \  &  3 N 0 -  H . . .  Q '
be explained in  the same way since the solvent molecules in  both cases
form in term o lecu lar hydrogen bonds and would lead  to  a lower s o lu b il i ty  o f
c e llu lo se  tr ia o e ta te  in  these solvents# I t  is  in te re s tin g  to  note th a t a
chloroform ~alcohol m ixture or a methylene c h lo rid e -a lc o h o l m ixture are
(5 9 128)reported  to  be solvents fo r  c e llu lo s e  t r ia c e ta te v * s \
Bearing in  mind th a t 0-H bonds are much more e f fe c t iv e  in  forming
hydrogen bonds, i t  was observed from q u a lita t iv e  experiments th a t both
phenol and halogen su bstitu ted  phenol^, as w e ll as o - and m-cresols^were
solvents fo r  ce llu lo s e  tr ia c e ta te #  In  the l i t e r a tu r e  0-  and m-cresols
(129)have already been repo rted  as solvents fo r  c e llu lo s e  t r ia c e ta te ' \
Since p y rid in e , dioxane and nitrobenzene are basic or e lec tro n  donor 
solvents, they would be expected to be non-solvents fo r  c e llu lo s e  t r ia c e t ­
a te , which is  observed in  the present case# They should, however, be 
e ffe c t iv e  solvents fo r  c e llu lo s e  d iace ta te  which again is  observed in  
practice#
In  the l i t e r a tu r e ,  the s o lu b il i ty  (m ainly q u a lita t iv e )  o f o e llu lo se  
tr ia c e ta te  has been reported  in  a number o f solvents by several workers 
(5* 9# 22-24$ 94)  ^ pr e sent observations f a l l  in to  the same p a tte rn
as those repo rted  by Malm e t a l# ^ '^ »  Marvel e t al©^2^  has reported  the 
s o lu b il i ty  of c e llu lo s e  t r ia c e ta te  in  chloroform and te trach loroethane as 
being 5*2 and 5®8 g0 per 100 g# o f solvent re s p e c tiv e ly , which d i f fe r s  con­
s iderab ly  from the corresponding values o f 11#44 and 22#06 g# per 100 mle
The in s o lu b ility  of ce llu lo se  tr ia c e ta te  in  alcohols and water may
of so lvent, reported  in  the present work© This d iffe ren ce  in  s o lu b il i t ie s  
is  not e a s ily  accounted for© The only explanation th a t can be suggested 
is  th a t the c e llu lo s e  t r ia c e ta te  of Marvel e t  al© contained a g rea te r  
degree o f c r y s t a l l in i t y ,  a r is in g  from the o r ig in a l in h eren t c r y s t a l l in i t y  
of the c e llu lo s e  used in  i t s  preparation® C ellu lose t r ia c e ta te  of 
high BoP© prepared by a non-degradative method has been rep o rted  to  be 
in so lu b le  in  the  usual solvents® From X~ray studies i t  was shown th a t  
such a sample contained some res id u a l inheren t c r y s t a l l in i t y  of the 
o r ig in a l o e llu lo se  which can prevent the d isso lu tio n  of ce llu lo se , t r i -  
acetate (‘13° 4
P y rid in e , dioxane and nitrobenzene have also been reported as
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solvents fo r  c e llu lo s e  t r ia c e ta te  which have been shown to be non-solvents  
in  the present case© H e w l e t t s t u d i e d  the s o lu b il i ty  of c e llu lo s e  
acetates w ith  combined acetic  ac id  contents varying from 53*8 to  62. 5$  in  
various solvents, and showed th a t ce llu lo s e  acetates containing 60$  or 
more aoetic  aoid were only p a r t ly  soluble in  p y rid in e  and dioxane© Those 
w ith  less  than 60$  were, however, com pletely soluble in  these solvents©
I t  seems l ik e ly  th a t when liq u id s , such as p y rid in e , dioxane, etc®, are 
repo rted  as solvents fo r  "c e llu lo s e  tr ia c e ta te " , i t  does not n ecessarily  
mean the true  c e llu lo s e  t r ia c e ta te  having a combined acetic  ac id  content 
of 62.4$© The term " tr ia c e ta te "  appears to  be used loosely sometimes in  
the sense discussed p rev iously  (p© 2 )o
The solvent power number is  a measure of the tendency o f a solvent 
to  oppose the separation o f the polymer molecules from so lu tion  as a s o lid  
phase, when a non-solvent is  added to the s o lu tio n 0 Broadly speaking, 
the so lvent power number may be considered as an in d ic a tio n  of the degree 
of polym er-solvent in te ra c t io n . The lower the value o f the s o lu te -so lve n t 
in te ra c t io n  param eter,X ?  b e tte r  the solvent and hence the h igher the 
solvent power number*, Moore and R u s s e l l^ " ^  have measured the solvent 
power number fo r  so lutions o f c e llu lo s e  tr ia c e ta te  in  chloroform , t e t r a -  
chloroethane, o~ and mroresols and reported  th a t the cresols  are the 
b e tte r  solvents fo r  c e llu lo s e  t r ia c e ta te .
In  the present case, the  solvent power number fo r  a so lu tion  o f 
ce llu lo s e  tr ia c e ta te  in  d if fe re n t  solvents was determ ined in  order to  
provide supporting evidence fo r  the present hypothesis, namely th a t hydro­
gen bond form ation  betw een  solvent and polymer molecules takes place in  
so lu tio n  and plays an im portant ro le  in  determining the s o lu b il i ty  o f the  
c e llu lo s e  t r ia c e ta te  in  a given so lvent. Bearing th is  in  mind, d ie th y l 
ether and petroleum e th er 100/120 f ra o t io  .1 were se lected  as p re o ip ita n ts  
a f te r  c a re fu l consideration o f th e ir  chemical natures. D ie th y l ether can 
be c la s s if ie d  as a ba s ic  solvent according to the B r/nsted  and Lewis con­
cept, w h ile  petroleum e th e r can be c la s s if ie d  as a n e u tra l compound. I f  
when d ie th y l ether i s  used as a p re c ip ita n t , i t  competes w ith  the polymer
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molecules to  form hydrogen bonds w ith  the  solvent the p re c ip ita t io n  value 
should be lower than th a t fo r  petroleum e ther, since the e f fe o t  o f the 
la t t e r  is  only to a c t as a d iluento
Table 7*1 on p®94 shows the d if fe re n t  p re c ip ita t io n  values obtained  
fo r  various c e llu lo s e  t r ia c e ta te  so lu tions , using the above mentioned pre­
c ip ita n t  So The re s u lts  support the v a l id i t y  o f the above conclusions,
since fo r  a given so lu tion  of c e llu lo s e  tr ia c e ta te  in  the three so lvents , 
te trach lo roethan e, chloroform , and acetic  acid, the p re c ip ita t io n  values  
fo r  d ie th y l e ther are d e f in i te ly  lower than those fo r  petroleum e th e r, 
Moreover, the p re c ip ita t io n  values fo r  d if fe re n t  so lu tions in  the o ase o f 
each p re c ip ita n t are in  order o f te tra c h lo ro e th a n e ^  chloroform ace tic  
acid© The same order was also observed (Table 6 # l)  in  the s o lu b il i ty  
values fo r  ce llu lo s e  tr ia c e ta te  in  these solvents# A fu r th e r  comparison 
o f the p re c ip ita t io n  values fo r  petroleum e th e r 60 /80 and 100/120 fra c t io n s ,  
in  the case o f so lu tions of ce llu lo s e  tr ia c e ta te  in  chloroform  and a 
chloroform -acetone m ixture (Table 8©1 and 8 ,4 )$  revea ls  th a t p re c ip ita t io n  
values in  the l a t t e r  solvent are lower# Here again, a chloroform-acetone  
m ixture is  a poorer so lvent fo r  c e llu lo s e  tr ia o e ta te , since acetone mole­
cules also form a hydrogen bonded complex w ith  the chloroform  molecules, 
which would be expected to give lower p re c ip ita t io n  values than those fo r  
the pure chloroform solution® I t  is  emphasised th a t a mixed solvent fo r  a 
given polymer may not neoessariXy be a bad one, since cases in  the l i t e r a ­
tu re  have been reported  of mixed solvents being b e tte r  than th e  separate
componentSo A s a lie n t  example is  th a t o f ce llu lo s e  n it r a te ;  th is  is
much more soluble in  a m ixture o f alcohol and ether than in  the in d iv id u a l 
l i q u i d s T h e  gradual appearance of tu rb id ity  w ith  time (Table 8S3, 
p. 111) when b u ty l acetate  is  the p re c ip ita n t may be explained as follows®  
Butyl acetate molecules, being e s s e n tia lly  basic , compete w ith  
ce llu lo se  tr ia c e ta te  molecules in  forming hydrogen bonds w ith  the chloroform  
solvent; c e llu lo s e  tr ia c e ta te  then slowly p re c ip ita te s  out and the tu rb i­
d ity  appears g radually  as breaking of the hydrogen bonds between c e llu lo s e  
tr ia c e ta te  molecules and so lvent molecules takes place©
Attempts have o fte n  been made to c o rre la te  solvent power number w ith
the v is c o s ity  of the so lu tio n  and i t s  re la tio n s h ip  to the Huggins v is c o s ity
(95«10 l)constant, k 1, has been in ve s tig a ted  by severa l workers \  In  the
present work values obtained fo r  the Huggins constant w i l l  be discussed 
in  a la t e r  chapter©
From'the present studies of the fra c tio n a tio n  ce llu lo se  tr ia c e ta te  
from d if fe re n t  solvents, i t  s o lu b il i ty  in  d if fe r e n t  solvents and the solvent 
power number data fo r  d if fe r e n t  so lu tions , i t  is  concluded th a t pronounced 
so lu te -so lve n t in te ra c t io n , in  th e  form o f hydrogen bond fo rm ation , takes 
place® On the basis o f th is  hypothesis attempts have been made to  ex p la in  
some of the physico-chem ical p ro p erties  of c e llu lo se  t r ia c e ta te  so lu tions , 
whioh h ith e rto  have not been c le a r ly  understood© The e ffe c ts  in  a system 
where hydrogen bonding is  b e liev ed  to  ocour should be considered in  terms 
of the . main whioh a f fe c t  the hydrogen bonds e le c tro n e g a tiv ity
o f the d i f fe r e n t  bonding a to m s ,d e te rm in e d  by the chemical nature of 
the solute and so lvent, and s te r ic  hinderance considerations©
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I t  must be stressed th a t in  these studies, i t  is  only possible to  explore  
the present hypothesis to a lim ite d  ex ten t, since a t th is  stage i t  re s ts  
mainly on q u a lita t iv e  considerations. Some of the d e ta ile d  q u a n tita tiv e  
aspects of the hypothesis can be studied in  fu tu re  work. Some of the re ­
ported work on other polymer systems can now be examined in  the l ig h t  o f the 
present hypothesis, and w i l l  be discussed next©
Marvel e t  a l , ^ ^  measured the s o lu b il i ty  o f o e llu lo se  t r ia c e ta te  in  
various solvents and the data are summarised in  Table 1 0 ,1 ,
TABLE 10 ,1
S o lu b ility  of C e llu lo se  T r ia c e ta te  in  D if fe re n t  Solvents
a t 3Q°C (M arvel e t a l , )
....................... *“ 1
Solvent Formula g, of C e llu lose  T riace ta te  pea* 100 g, of Solvent
Phenyl acetylene c6h5- cSh 0o018
Thio-phenol c6h5sh 0,032
l«Heptyene CH5(CH2)^-C5h 0,010
N itro  methane CH-jNO- 0,017
Dimethyl ethynyl 
carb in o l
(CH3 ) 2C0H~C=CH 5 .4
F^rro le CH -  CH
II H
CH CH 
\  /
NH
1 3 .4
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I t  is  evident here th a t the f i r s t  fo u r solvents are not ac id ic
enough to  form hydrogen bonds, and hence they are p r a c t ic a lly  non-solvents
fo r  c e llu lo s e  triacete /te#  Dim ethyl ethynyl o arb ino l is  expected to be
a solvent here? since the -OH group would be e ffe o tiv e  in  forming hydrogen
bonds owing to the presence o f a t r ip l e  bond® A s im ila r  argument can be
put forw ard to  exp la in  th e  h ighest s o lu b il i ty  o f o e llu lo se  tr ia c e ta te  in
(2 5 )pyrrole# Marvel e t  al# 7 also measured the s o lu b il i ty  of several basic  
polymers in  d if fe r e n t  c h lo rin a ted  solvents, a t  30°C,and fo r  b re v ity  the  
re s u lts  fo r  p o ly v in y l a c e ta te , polym ethylm ethacrylate and c e llu lo s e  
t r ia c e ta te  are compared in  Table 10o2o
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TABLE 10*2
S o lu b ility  o f D iffe re n t Polymers in  C h lorinated
r r f i 1 ~ n n  I I  i n w — j  I I  11 I n  i i r n  I I  i I I I  i f  i I mrni n  m  I I  III I r  n ~ i i n  n  m u m  n  i »  » n  u p  u l  i ■ !  n n  i i  i i  m p i i i m x ^  n f c n  m  ■ !  i I
Solvents a t 30°C (M arvel e t a l« )
Polymer Formula
g* polymer/lOG g® o f so lvent in
CHC1. C1HC = CCX, CHC10-GHC1„ : CC14
Poly v in y l*  
acetate
’CH,
Poly methyl
methacryl^
ate
C ellu lose
tr ia c e ta te
~CH,
CH»
C ss 0 
CH,
CH-
i j
C -
C00CH.
>•100
"X
X
\ •0-
n
R. = A cety l group
77
5 .2
64.00
96
0.002
>100
>100
5 .8
9 .3
0.116
0.002
The s o lu b il i ty  o f each polymer is  seen to be considerably lower in  
carbon te tra c h lo r id e  w ith  the o th er solvents© Carbon te tra c h lo r id e  is  
known to be non-polar, so th a t the s o lu b il i ty  o f these p o la r  polymers 
should be n e g lig ib le  in  th is  case© D isso lu tion  of a so lute  or polymer in  
a given so lvent is  always a t tr ib u te d  to the decrease in  fre e  energy of 
mixing A  o f the system, and th is  is  re la te d  to  A  and A , by the  
re la t io n s h ip
A  gm = A % - t A sM . . .  (10.1)
The negative value o f  A  tb r the dis3o3ii'ii>n process can be made more negative  
by e ith e r  a sm aller o r possib ly  negative value o f / \  or by a la rg e r  
value o f /\> S^ ® Now the heat evolved due to l^ydrogen bond form ation be­
tween the polymer and solvent molecules w i l l  be p r a c t ic a l ly  the same fo r  
polym ethyl m ethacrylate and p o ly v in y l acetate  and perhaps a la rg e r  amount 
of heat may be evolved in  the case o f c e llu lo s e  tr ia c e ta te ®  However S^
in  each case m i l  depend on the number o f d if fe re n t  co nfigurations  the  
polymer molecules can take up in  solution® C ellu lose and ce llu lo se  t r i ­
acetate  molecules are  known to be r e la t iv e ly  s t i f f  molecules and there  i s  
only a re s tr ic te d  r o ta t io n  about g lucosid ic  lin kag es; thus a lower s o lu b il­
i t y  o f c e llu lo s e  tr ia c e ta te  must be expected and in  fa c t  i t  is  found to  be 
the le a s t  soluble in  the present comparison© There is  r e la t iv e ly  f re e  ro ta ­
t io n  about the C-C lin kag e  in  both p o ly v in y l acetate and polymethyl meth­
a c ry la te , but in  th e  l a t t e r  case there is  some s te r ic  hinderance between 
the methyl and a c ry la te  groups; th ie  l im its  i t s  number o f co nfigurations
and hence i t s  s o lu b il i ty  should be between th a t of p o ly v in y l acetate and 
ce llu lo s e  tr ia c e ta te  as found. This order o f s o lu b il i t ie s  is  also observed 
in  most o f the cases re p o rted  in  Table 10«2, Another no ticeab le  example 
of th is  is  provided by the s o lu b il i ty  behaviour o f p o ly a c ry lo n itr ile
*****
-CH9 -  CH" 
^ 1 
CN
This polymer is  not soluble in  common solvents but
is  soluble in  strongly basic solvents such as dim ethyl formamide 
H -  C0N(CH^)2S ^  dim ethyl sulphone CH  ^ ^  0 f t ^ ) 0
x s
CH, N0 
3
I t s  in s o lu b i l i ty  in  less  basic oommon solvents is  a t tr ib u te d  to  prefer**  
en tiaX  in term o lecu lar hydrogen bond form ation between polymer molecules 
as fo llow s s
i i 1
ch2 ch2 ch2
I I I
H -  C - C i H , „  H -  C - C s N . . .  H -  C -  C = N
I I I
CH2 ch2 CH2
I I I
In  th is  case, molecules o f good e le c tro n  d^nor solvents are able to overcome 
polymer-polymer in te ra o tio n s  and form hydrogen bonds w ith  the polymer 
molecules th is  lead ing  to  t h e ir  dissolution©
I t  has been suggested th a t the presence o f hydroxyl groups in  the  
c e llu lo s e  acetate or c e llu lo s e  n i t r a te  molecules p lays an im portant p a rt  
in  determ ining th e ir  s o lu b il i ty  in  solvents l ik e  ketones and es te rs . Heats
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of in te ra c t io n  fo r  n itro c e llu lo s e  and such solvents as e ther and aloohol 
p y rid in e  and acetone have been reported, which support the view th a t
the hydroxyl groups present in  c e llu lo s e  n it ra te  or acetate form hydrogen 
bonds w ith  the solvent molecule 3 fo r  example, in  the case of acetone we 
have s
\ CH*\ /  3
C -  OH . . .  0 ss C
I X CH
C -  OR q
( 1 3 2 )
R may be a n it ro  or a c e ty l group as the case may be.
By analogy w ith  the c e llu lo s e  tr ia c e ta te -s o lv e n t in te ra c t io n , one 
would expect th a t the values of the in te ra c tio n  parameter, ^  9 f ° r  c e llu lo s e  
aoetate and c e llu lo se  n i t r a te  in  basic solvents should be oomparable to  
th a t fo r  c e llu lo s e  tr ia c e ta te  in  ac id ic  so lvents . The reported  values of 
X  fo r  these systems are shovm in  Table 10*3 .
TABLE 10.3
Comparison o f X , Values fo r  C ellu lose Aceta te and N itra te  Solutions
Polym er/Solvent System X Temperature Reference
C ellu lose t r ia c e ta te /  
te tra c h lo ro  ethane 0.29 24„4°C (3 9 )
C ellu lose t r ia c e ta te /  
chloroform 0 .3 4 25„0°C present work
C ellu lose a c e ta te /  
acetone 0e42+0©007 About 25°C ( 134)
C ellu lose n i t r a t e /  
acetone
W W W AMSiteS-g-.m-r.v-, jxrr'rr ■,ravjc irsaxfci •wvw
0 .3
0.25
__, -
25°C
25 °C
( 134 )
( 134 )
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Assuming th a t the magnitude o f % re f le c ts  the number of hydrogen
bonds formed, and considering th a t comparable amounts o f heat are evolved
w ith  the form ation  o f each hydrogen bond, then one can conclude th a t  in  the
case o f the c e llu lo s e  tr ia c e ta te -s o lv e n t system th ere  is  a correspondingly
la rg e r  number o f hydrogen bonds formed than fo r  c e llu lo s e  d ia c e ta te # This
is  agaSn expected from the s tru c tu ra l units of the c e llu lo s e  tr ia c e ta te  and
c e llu lo s e  d iace ta te  molecules since, on the average fo r  hydrogen bond
form ation, there  w i l l  be about one -OH group a v a ila b le  per glu^copyranose
u n it  in  the case o f c e llu lo s e  d ia c e ta te , compared to  up to three a c e ty l
groups in  the case o f c e llu lo s e  tr ia c e ta te ®  The ^  values fo r  c e llu lo s e
n itra te /a c e to n e  vary s l ig h t ly ,  and th is  may be due to  the fa c t  th a t the
p o la r ity  of the -OH groups may a l t e r  w ith  a change in  n itrogen content o f
(135)the n itro c e llu lo s e  * This would mean th a t the heat of form ation of 
a hydrogen bond between the -OH group and a so lvent molecule may depend 
on the n itro gen  content, which in  tu rn  is  r e f le c te d  in  the X  values®
Using the data o f Schulz and D o l l ^ 2^, Tom pa^^^ has ca lcu la ted  
the values o f X  fo r  polym ethyl m ethacrylate in  a number o f solvents#
Here again , chloroform  is  shown to be a good thermodynamical solvent fo r  
polymethyl m ethacrylate where X  has the low est value o f 0*365$ compared 
to  0,506 fo r  m-xylene®
Mo ore has reported  solvent power numbers fo r  c e llu lo se  n itra te s  
of varying n itro g e n  content in  a group of solvents each form ing a homologous 
series  which inolude ketones, a lk y l  acetates and d ia lk y l ph tha la tes  and some 
of h is  values are compared in  Table 10*4-0
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TABLE 10o4
Solvent Power Number fo r  C ellu lose N itra te  Solutions (Moore)
ml© o f hexane requ ired  fo r  phase separation
Solvent
fo N content
i •*
12® 2 12© 55 13.2
Acetone 3 o 3® 83 4»0
Ethylm ethyl ketone 3 .5 5 4® 65 4© 7
n-Rfopylm ethyl ketone 3 .8 5© 25 5®5
n-Amyl methyl ketone 4© 2 6 *4 6 .4 5
n-Hexylmethyl ketone 3*7 5©3 5 .3
i
..................................  _ x ................._
I t  is  evident from Moore's work th a t the extent o f polym er-solvent
in te ra c t io n  increases w ith  the increase in  n itro g e n  content, as shown by
the h igher p re c ip ita t io n  values© In  ad d itio n , i t  i s  in te re s t in g  to note
the
th a t p re c ip ita t io n  values increase as the size o f /a lk y l  chain o f the ketone 
increases u n t i l  i t  reaches a maximum, when i t  f a l l s  w ith  a fu r th e r  in ­
crease in  size© This may be due to  the ke ton ic  carb ory l group being
able to  share i t s  lone p a ir  o f e lectrons w ith  increasing f a c i l i t y  as the
/
allcyl chain increases; a stage is  e v e n tu a lly  reached when the size of 
the solvent molecules is  suoh th a t hydrogen bond form ation is  r e s t r ic te d  
o r, in  other words , th ere  is  now less so lu te -so lven t in te ra c t io n  and ,
— l64r»
hence a lower p re c ip ita t io n  value is  observed®
McNally and G o d b o u t^ '^  provide supporting evidence fo r  th is  
approach, in  th e ir  s o lu b il i ty  studies o f d if fe re n t  fra c tio n s  o f c e llu lo se  
aoetate (56*36$ AcOH) in  several series of solvents# Their re s u lts  
again in d ic a te  th a t as the m olecular weight o f the solvent (homologous 
s e rie s ) increases, the s o lu b il i t ie s  o f the d iace ta te  fra c tio n s  decrease 
which again can be explained by the preceding arguments in vo lv in g  hydrogen 
bonding#
I t  i s  thus oonoluded in  the present work th a t s p e c ific  solute** 
solvent in te ra c t io n  due to hydrogen bond form ation, p lays an im portant 
( i f  not predominant) ro le  in  determ ining the s o lu b il i ty  behaviour o f 
c e llu lo s e  tr ia c e ta te ®  This hypothesis seems to be g en era lly  app licab le  
to  other p o la r polym er-solvent systems®
CHAPTER 11
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VISCOSITY STUDIES IN  CELLULOSE TRIACETATE SOLUTIONS
V iscosity -M o lecu lar W eight R elationsh ip  in  Chloroform
V is c o s it ie s  o f ohloroform solutions o f d if fe re n t  ce llu lo s e  t r i ­
acetate samples and o f the various fra c tio n s , obtained in  the present 
in v e s tig a tio n , were determined fo llo w in g  the procedure p rev iou sly  described  
(p® 15 )® ^ e  data are shown in  Table 11*1 and g rap h ic a lly  in  F ig ® l l , l  
The w idely  used Mark-Houwink v isco s ity -m o lecu la r weight r e la t io n ­
ship [ rj] “ KMa (p« 9 ) is  extrem ely u sefu l fo r  c a lc u la tin g  the m olecular 
weight o f a polymer, provided IC and tx have been p rev iously  evaluated.
Both K and a depend on the polym er-solvent system studied© Values f o r  
K and a fo r  the present system have not so f a r  been rep o rted  in  the  
l i t e r a tu r e ,  and the present data have been u t i l is e d  to  evaluate these 
constants©
1
- 1 6 6 -
TABLE 11*1
4
V is co s ity  Data fo r  D iffe ren t F ractio n s C e llu lo se  T riace ta te
-■6*1 Chloroform a t 25°C.
F ra c tio n Concentration c E ff lu x  time T)“Up V is c o s ity  number
g*/L00 mla in  secs. ^0 n - V v
U nfractionated CM 76.26 era cast
C .T .- 1.0562 117.48 0.5401 0.5114
X 0.3521 88.66 0.1626 0.4618
0.2112 83.48 0*0947 0.4483
0.1509 81 .14 0 * 0640 0 .4 2 a
L .V .N .= 0 .432
1 “  A 80.47 -
1.0104 133.87 0.6636 0.6567
0.5050 105.47 0.3107 0.6151
0.3368 96.52 0.1994 0.5922
0.2526 92.22 0.1458 0.5771
L .V .N .= 0 .560
1 -  B - 80.45 - _
0.9620 128.07 0.5919 0.6155
0.6413 110.15 0.3693 0.5758
0,4810 102.20 0.2689 0.5591
0.3207 92.50 0.1746 0.5446  
L .V .N .=0.510
2 - 80.41 -- ©a
1.0260 127.49 0.58-55 0.5707
0.6840 110.11 0.3694 0.5400
0.5130 102.64 0 ,2 7 a 0.5343
0.3420 94.56 0.1760 0.5145 •
L .V .N ,=0.482
3 — 80.45 - -
1.0760 121.38 0.5088 0.4728
0.7173 106.57 0.3247 0.4526
0.5380 99.20 0.2331 0.4332
0.3587 92.45 0.1492 0 .a 5 9  v 
L .V .N .=0 .385
4 76 .84 -
1*1732 116.11 0.511 0.4356
0.5866 94.89 0.2349 0.4006 -
0*3911 88 .49 0.1516 0.3877
0.2933 85.51 0.2933 0.3846
0.3777 83.65 0*2346 0.3777
L .V .N ,=0 .367
5 «2HP 80.37
0.9640 98.43 0.2247 0.2331
0.6427 92 .04 0.1452 0.2259
0.4820 88.83 0.1053 0.2184
0.2410
1
84.53 0.0518
\
____
0.2148  
L .V .N .=0.210
F ' G .  , 1
Table 11 .2  shows the m olecular w eight, of the various samples 
determined osm otica lly  together w ith  LoVoN0 values obtained from the 
graph o f v is o o s ity  number versus concentration©
TABLE 11 .2
and M olecular Weigh t  Data fo r  D if fe re n t C ellu lose  
T ria o e ta te  Samples in  Chloroform a t 25QC
am unim lmu«h ■ r«rnr . ».....pin<ujiJt l.„J- i,
Sample M olecular Y/eight
determined osm otica lly
Mn
lo g  M^ LoV.No
[ 'n]
1 + log[ T)]
1 A  F rac tion 30*881 4.4897 0.560 0.7482
I B  " 31*275 4.4952 0.510 0.7076
2 '» 28,286 4.4512 0.482 0.6830
3 26,254 4©4192 0.385 0.5855
4 23 * 614 4.3732 0.367 0.5653
- 0.210 _
C•T«^ (u n frao tio n a te  d) 28,555 4*4567 0.432 0.3645
C .T ®2 ( t o t a l ly  pr©^ 
o ip ita te d ) 38,240 4.5825 0.720 0.8573
u
Osmotic pressure measurements could not be c a rr ie d  out due to  the  
sm aller s ize o f the f r a c t io n s  *
The value of K and a were evaluated from the in te rc e p t and slope of 
the s tra ig h t l in e  obtained from the log vs 1  ^ log[r)] p lo t  shown in  
F ig e .ll.2o  Thus the Marlc~Houwinlc re la t io n s h ip  fo r  the ce llu lo s e  t r i ­
aceta te /ch lo ro form  system is  given by
[ri] «* 0 .5927x 10"6 (M)1 ,33  
The IC and a values fo r  c e llu lo s e  tr ia c e ta te /te tra c h lo ro e th a n e  and ce llu lo s e  
tr ia o e ta te /a o e t ic  ac id  systems were also obtained by solving the sim ultane­
ous equations §
0.858 = IC(3.824 x  1 0 0 “  )
. ) fo r  te trach loroethane
0.486 = K (2 .855 x  1 0 ? “  )
-6whence IC = 1 .7 1  x  10 and a ~ 1 .2 4  
and
0.126  = K (3 .824 x 1 0 ? “  )
, ) fo r  ac e tic  ac id
0 .7 2  = K (2.855 x 1 0 ? “  )
whence IC « 4*56 x 10  ^ and a ~ l . l 8 a
In  the case o f the la s t  two systems, i t  was im possible to c a rry
out v is c o s ity  measurements on every f ra c t io n  because of the sm all amounts
available®  Measurements were th ere fo re  made on two samples chosen to
have m olecular weights as f a r  apart as p r a c t ic a lly  possib le; in  the o ir-*
cumstances the IC and a values in  these two systems should be considered
as approximate ones o n ly .
I t  is  in te re s t in g  to  note here th a t the value o f a is ^ in  each oase^
g re a te r than unity© G enerally  the value o f a fo r  polym er-solvent systems,
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as rep o rted  in  the l i t e r a t u r e  is  in  the range o f 0®5 “ 1 ® I t s
value is  re la te d  to the degree of c o ilin g  o f the polymer chains in  a given  
so lvent, which is  considered to  be a ffe c te d  by (a ) the s t iffn e s s  o f the  
polymer chain and (b ) the degree o f so lu te -so lven t in te ra c t io n  (o r s o lv a tio n )  
talcing place in  the system© In  other words, the value o f a approaches 
•n i ty  and may possib ly exceed i t  as the s t if fn e s s  o f the polymer molecule 
increases, or fo r  a s u f f ic ie n t ly  low value of the so lu te -so lve n t in te ra c t io n  
param eter, X  © T t has been shown from l ig h t  S cattering  m easurem ents^^^  
th a t in  a thermodynamioally good solvent the polymer molecules are f u l ly  
extended, w hile in  a bad solvent the polymer molecules tend to  c o i l  up 
and thus reduce the value o f a© The high value o f a in  the present case 
is  a t tr ib u te d  to  the in h eren t s t iffn e s s  of the ce llu lo s e  t r ia c e ta te  mole­
cules and the considerable so lu te -so lven t in te ra c t io n  in  the system© I t  
i s  considered unwise to  suggest how much these two fa c to rs  (s t if fn e s s  and 
in d iv id u a lly  oontribute to the value o f a© In  the l i t e r a tu r e ,  values o f 
a in  excess o f u n ity  have been repo rted  in  few oases such as fo r  amylose,
A
amylose acetatem & pectin ic ac id  but fo r  c e llu lo s e  d iace ta te  they appear to  
be in  the range 0.80 -  I .O 3 U 38) .
V isoosity-C onoentration  R ela tionsh ip  in  D if f eren t Solvents
In  much of the e a rlie r  l i t e r a tu r e  ibe v is c o s ity  of a concentrated  
polymer ( ^  2$ ) so lu tion  was considered to  be a measure of the solvent 
power o f the d isso lv ing  liqu id®  In  developing a number o f sem i-em pirica l 
equations r e la t in g  v is c o s ity  and concentration B a k e r M a r t i n ( T 4 l )
and others took in to  consideration  the so lu te -so lven t in te ra c t io n  by
(95)in troducing  a constant in to  th e ir  equations, S p u rlin  e t a l 0 proposed 
th a t the higher slope (sometimes c a lle d  the " i n i t i a l  slope" o r "S p u rlin *s  
slope") of the v is c o s ity  number vs the concentration plot, the lower the  
s o lu b il i ty  o f the polymer in  a given so lvent. S u rp ris in g ly  th is  sugges­
t io n  was made in  connection w ith  c e llu lo se  d e r iv a tiv e s , and i t s  confirm ation  
in  the case o f severa l o ther polymers has. been r e p o r te d ^ ^ ^  while fo r  
c e llu lo s e  d e riv a tiv e s  i t  s t i l l  remains dubious© Hug gin s ^ ^ *^  on the
other hand has proposed the fo llo w in g  re la tio n s h ip  fo r  d i lu te  polymer 
so lutions s
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*n c 
o
[n ] + k*[T] ] c 0 0 ® ( n ® i )
where k 1, is  known as th e ’Huggins* constant*© The slope o f the p lo t  o f  
v is c o s ity  number vs, concentration  d ivided by the square of the in te rc e p t  
should be a constant (k * )  which depends only on the polym er-solvent system® 
W hile there is  no q u a n tita tiv e  re la tio n s h ip  w ith  X  i t  is  g e n era lly  
accepted th a t a h igher value o f k* u su a lly  in d ica te s  a poorer solvent 
and v ice  versa. To study th is  aspect of Huggins' constant, the v is c o s ity  
of two samples of c e llu lo s e  t r ia c e ta te ,  having M 28,555 and 38, 276, were 
measured in  the th ree  solvents? chloroform , te traoh loroethane, and acetio  
acid© The v is c o s ity  d a ta  o f these sanples a t 25°C ore shown in  Table 11*3  
and in  F ig© ll® 3 * (CoT®-  ^ and C©Tog/chloroform d a ta  are reproduced from  
p* 59 and p*64 , fo r  the sake o f completeness)©
TABLE 11©3
V is c o s ity  Data fo r  Samples o f C ellu lose T r ia c e ta te  in  D iffe re n t
Solvents a t 25°C
Sam ple/solvent C oncentration c E ff lu x  tim e n -  ri V is c o s ity  number
go/ l0 0  ml© in  sees. 0
%
Ti -  no/r ,oo
C o T © -, /  oh lor of orm - 76.30 «S9 cnJL 1*0562 117.48 0*5401 0 .5114
0*3521 88.66 0.1626 0.4618
0*2112 83.48 0*0947 0.4483
0*1509 81 .14 0*0640 0.4241
L .V .N .= 0 .435
C ©To^/chloroform as® 80.31 - -
1.0480 159 .74 0.9890 0.9437
0.5240 115.16 0.4339 0.8282
0.3493 102,54 0.2768 0.7924
0.2620 96,20 0*2018 0.7704
0.1747 90.89 0*1317 0.7543
L .V .N .= 0 .7 20
C, T a ^ /te tra c h lo ro - - 211.30 - -
ethane 0*9720 330.97 0*5641 0.5817
0*4860 266.58 0.2616 0.5383
0*3240 247.83 0*1729 0.5338
0.2430 238.56 0.1290 0.5308
0ol944 231.99 0*0977 0.5026
L .V .N .= 0 .500
C ©To ^ /te tra o h lo ro - - 211.15
ethane 1*0088 441.49 1*0909 1.0814
0.3544 312.01 0.4777 0.9470
0*3363 275.49 0.3047 0.9062
0.2522 258.33 0*2234 0.8860
0*2017 248.64 0*2017 0 .8804  
L .V .N .=0.823
C.T . - /a c e t ic  ac id 237.82 -
0.9764 457.27 0.9103 0.9323
0.4882 330.87 0.4882 0.8015
0.3255 300.31 0.2626 0,8073
0.2441 283.30 0.1912 0.7830
GoTog/aoetic ac id
L .V .N .=0 .727
237*20
1.1400 793.06 2.3432 2*0550
0.5700 452.21 0.9064 1*5900
0.3800 369.41 0.5574 1*4668
0.2850 331.74 0.3976 1.3980
i '. ■ ' .—tt ■ .. r=. i- "• .• lt.L. ____- ....
L .V .N .=1*170
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The slope and in te rc e p t in  each case were computed by' the le a s t squares 
method and are reported, together w ith  the values o f  Huggins’ constant,
s
k ’ , in  Table 11©4
TABLE 1 1 ,4
Values o f k* fo r  C e llu lose  T r ia c e ta te  in  
D iffe re n t- Solvents
Solvent
Sample C#T0^ Sample CoT*^
LoVoNo
[u]
Slope
■.L
v slope
1C — o
[n]
L.V.N.
["nl
Slope
k [n ]2
Chloroform 0*42 OalO 0 .5 4 0©71 0.22 0,43  /-
Tetraohloro~
ethane 0©5 0*135 0.38 0*82
COOJeO 0*42
A cetic  aoid 0*73 0*20 0.39 1*17 1.26 0o97
I t  is  evident from T a b le  11 *4  th a t i f  we consider the p re c ip ita ­
t io n  value as a measure of solvent power (p fl 94)? then the value o f 
Huggins’ constant in  th is  case does not fo llo w  the general trend  in  which 
i t s  value increases w ith  a decrease in  the solvent power# In  the present 
case the value o f k* remains p r a c t ic a lly  constant, except fo r  the 
C oT o ,/^® ^  system where i t s  value is  0*97© The pronounced increase in  
k ’ fo r  th is  p a r t ic u la r  system cannot a t present be explained# From the
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also no c le a r -c u t re la tio n s h ip  between the Huggins1 constant and solvent
(9 5 -9 8 ) (96 )power 0 Moore ,  a f te r  studying the re la t io n s h ip  between the pre­
c ip ita t io n  value and v is c o s ity  fo r  ce llu lo se  n it ra te s , o f varying n itro gen  
contents, and in  d if fe re n t  so lvents , reported th a t k* did not decrease w ith  
the increase in  solvent power number© Moore and R u s s e l l ^ a l s o  pointed  
out th a t the solvent power number bore no d ire c t  re la tio n s h ip  to the cohesive 
energy d e n s itie s  o f the various solvents, but found i t  to  be q u a lita t iv e ly  
re la te d  to the a c id ic , basic or more n e u tra l nature of the solvents® I t
seems, th e re fo re , th a t th ere  is  no c le a r re la tio n s h ip  between the so lvent
(129)power and Huggins’ constant lc’ o Moore and R ussell have also observed
a s im ila r  laetoviour in  the case o f prim ary c e llu lo s e  acetate in  various  
solvents©
The i n i t i a l  slopes fo r  both ce llu lo se  t r ia c e ta te  samples in  the three
( 93)
solvents studied agree q u a li ta t iv e ly  w ith  the fin d in g s  o f S p u rlin  and
(97)o f Weissberg and Simha fo r  e th y l ce llu lo s e  and secondary oe llu lo se  
acetate respectively©  The observed increase in  the i n i t i a l  slope w ith  the  
decrease in  s o lu b il i ty  or so lvent power number can be explained by the theozy 
o f Doty and S te in e r (^43)^ They be lieved  th a t in  a good so lvent the 
polymer molecules are more f u l l y  extended, w h ile  in  a bad so lvent they are 
considerably c o ile d , so th a t there  is  fa r  more in te rp e n e tra tio n  o f the 
polymer molecules which co n trib u tes  more to the v is c o s ity  and hence the  
v is c o s ity -c o n c e n tra tio n  slope should be higher®
survey of the lite ra tu re  w ith  regard to ce llu lo se  d e riv a tiv e s , there is
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